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: ^ INi^ODUCHON TO ilROLOGY V ^ f 

SiCTION A— INTROpUCTIpN . formed in test tub6l: Itt aii|ffon;. the pa- 

.' ■ " ^ nieht's serum is; the ni^ 

1-1. Serology Defined. It is logical that the specimefij.J^ 
sobner'an accurate diagnosis of a disease is* Those tle.st^tubes most coimmo 

made, the sooner appropriate thierapy can be ,12X75miTii (Kahh), iSXlOOmrn (Wassermanri), 
•started. .Cdnsequently, much research, with , and, centrifuge tubes. Both reusable and dia- 
-many- advancesv has been directed towar 

more rapid: and .accurate diagnoses. One of ply system. i 
the areas of clinical laboratory science /that I '. 

has been eSpanding most rapidly along these ' '-3' Many, in fact mpst, Recently, de- 

lines is cliiUcdl serology. / ^ fveloped serotests are pierforined bn^^ 

a. Basically, serology can be defined as the' slides or plastic-coated paper cardslnstead of 4 
study of serum. More specifically, serology is t^st tubes. These slide tests use very small 
diagridsis through theiUse or detectio'n of ' fluantities of reagents and, in addition, many 

ajBrum globulins, known as antibodies. These "se the disposable paper cards, thus, making, 

antibodies may even have been produced in these tests very e-fficient for the busy labora- 

another animal and then used to diagnose Wgry. Other tests use just plain glass Hides; , 

disease in man. In effect, any in vitro diag- W&elt glass slides or tiles; slides with molded 

nostic test using antibodites can be called a concavities'.or slides with,. ceramic or paraf. 
serologic test or serotest. However,- aritibod- rings. Each test kit usually comfs cor*- 

ies are only.halfoftHe reactants in serotests. : plete with |he recommended slide. Others 

Antibodies must have something to react must be purchased separately or prepared in 
with— namely, antifcens. " ' laboratory. Be eure to^use the, speqific 

: b. This , manual is eoncerned with mixing, *yP.e of slide that is indicated for each given 

these antigens with antibodies and repotting procedure.'^ , ^ 

the resulting antigen-antibody reaction, if _ ■ 

any, to the physician. General characteris- ' ^'Pf^' Serotests require the mixture of • 

tics of antigens,, antibodies, and their reac- accurately measured volumes of reagents, 

tions are covered in thfe' next chapter with Although many tests utihze medicine drop- ^ 
the remainder ofthe manual devoted to labo^ *P dispense reagents, even these drop-, 

ratory techniques and serottos for specific P«^s are manufactured to deliver a specific 

<Jiseases or conditions:' - ■ ' size of drop. Several serotests-f equire lafger 

c. Due to the special techniques and time- volumes of reag|ats than can , be d.elivered 

consuming steps -used in preparing them, conveniently by Croppers. Foc..these tests, 

i»any of the reagents used in serologic tests Pipets are more efficient; Several reusable. ' 

a?e available in kit form. Many kits are tj^pes are ^vailabje. „ ... 

available through regular supply 'channrfs . a.^ype* of Pi pets Used inSereloByi ; , ^ 
while others are available comftiercially. At- (1) Serological Pipets. Appropriately, the 

tachment 3 is a partial list of sourcfs of pipets most commonly used in^ serotests are 

serologic kits and reagents. Some of these serological pipets. Examples of comrtion sizes 

kits contain everything needed to accojnplish are shown in figure 1-1. As indicated by the- 

the test, Cobsequently, relatively few items etdhed mouthpieces, ^hese pipets are allowed 

of'glasBware ahd laboratory equipfnent are to drain freely and, then, the Iftst drop is 

used in serologic testing, bi fact, more and blown out. Serological pipets' are calibrated 

more disposable items are being used. Glass- to deliver CT,D,) a given volume at a specific 
ware an^ equipment ^gd in serotests are • temperature, usually about 20°C. Therefore, . 

cover^dnn the n.ext two sections of this chap- for most accurate usie, they should -not be - 

ter. r / rinsed , out, but this practice is;i at times, 

SICTIOM ft-GUSSWARE ■ %nored in sefotesting. Serological .liipets, 

stuiiwr* B— i,iM&5WAKt ^ 'fe must not be^'eoiifurt^^ 

1-2. Test tubes. Several serotests .are per- wKich are >alsoT,tf^ P^^^^^^ 



lot calibrated to their tips and must beHised 
mly \^itK. the pQint-to-^oiht pipetUng^ tet^tV 
ijque^^t is'best to keep Mohr pipets out of = 
:hB serolOjfy area. ' : , 
: ' (2) CalpiUary PipetB. These pipets are'ai^ 
mllM Pasteur or transfer pipets^They aru, y- 
fiiost useful in jtransferring^reag^^s, such as;; J 
leriin^^ frDm a clot .'to another tube. They^y 
*vo rk m qst e f f ic ien t ly w i th a r u bb e r b u 1 b^u t 
may also be filled by mouth. Two sizes of . 
Pasteui^pipets are avaUable./ In addition 
:hey. may_be easily nilade from glass 'tubing 
by heating, and drawing dUt the tubing, , / 

b^ Usin^ SBrological Pipetsr 

'^^^Tl)^^ele^t the smallest pipet t^^^ 
deliver the volume required. Use only'cl^an, * 
iry 'pipets without chippeAtips. Tlios^v^ith , 
shipped tips should be discarded. 

"(2) Draw fluid slightly a^bove the jif ^^^'^d 
maMJv^pSing the tip ^ the fdrefingeiCJiindfex 
fingerV to coTftmKthe HjDw^. . ^^^v= ^- 
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LO ml. :0.25 ml 
Serqlogic Pjpets, 



(3) Hold the pipet vertically flrwd wiHie tjie 
ti^ (wet area) With ,gaH^B or lint^frep absm^b-^ 
^nt'paper. _ i^t ^ { v " A'''^- ' * 

' (4) Holding' th^ pipet vertically so; that 
r'the fluid level is at eye level and readirig^ 
;^^frqni the bottoiii of the meniScu^ let the fluid 
down exactly to th^desir^i.mark. Do'no^put 
the tip of thjB pipet back- into the fliWd^uring 
this operation. Touch the tip of the pipet to 
the' i^ner wall of container to d4ftodge an>%; 
^droplet that oiight be hanging* fi'dhi; the tjp, '\ 
^.(.5) Recheck the fluid Leveh Repeat ^he 
previous sttfps if the fluid is not at the d^= 
sired hViiijk. : , ; 1 
! _ (6). Trahsffer the- 

qontainer and let^th^ fluid 'drain^ft^eely be- 
fore 1 ow in g 0 u t . til e 1 as t d ro p I* : D p. not i m - 
me^Kse j?he tip wlfile "draining. If increased 
accuracy is desired, a 'jKn:nt-to-point pipetting 
technique maybe u s e d , b u t t h i s i s , s e Ul o m 
r eq ul'r e d i h s e r 0 1 og i c ^ te s t in g , ' ' u n 1 e s s M o h r 
pjpets are used;. the, specialized u sero«^ 
logical pi p:e ts i n making s e r i a 1 ^ d il ut ion s . o f 
serum is covered iti chaffter 4. ^ i / . 

ilWS. ilaaning Gla^ware, .Most, iserotest^ are 
. gerifortned under rfosely conti'blled condi- 
tions of pH and ionic conceRtrations. Without 
prieringing, ev^en disposablei^glassware fresh ^ 
h;om the maniVfacturer ni4y notVbe clean 
enpugh for SerotestsV Althoiigh-. th^se tests 
rarely requine sterile glassware*" all reusable 
glas s ware t h at has ^b e en i n 1 con t ac t wi th pa- ^ 
tient's blood or in feet ip lis oi'g^^ isms must be. 
st^'Uized before cleaning ta^r^uce the danj 
ger ofvtransmitting infectibtiS^hepatitis ar 
''othier Infections^'Methods for; pi^i^n sing and" 
cleaning glasswpr^are giyei^ bilow. ^i^it^^J ^ 
a: Preriniing*Glqisv^fa. Forvr^usa 
\waret the most useful way t6:?assuVe,^leanri" 
\ n e s s f or f u t u r e t e 3 1 s is to' p r e rm s e' the g 1 as>r 
w^re immediately after use, Of c6ui*se/if live/ 
Organisms are used, sterilize the items first. 
Assuming that no viable pathogeijic..org;a- 
n i s m s we rie u s dd i n t h e t e s t , the. s inipies t way: 
t©^ prerinse is with runhing rtapwater fol-" 
lowed by Immersing 'the Iglassware com- 
pletely in t^water with or without a deter- 
gent. In "Other words, don't let the rjeagents^ 
dTy in er^bnjthe glassware; Glasswa*re con- 
taining relatively ^mall amounts ofi^eagents 
conld be placed direatly in t^ie watfer without 
rinsing. In addition, pipets are especially ins 
convenient to rinse ipfimediately after use, so= 
these should .be immersed completely in a 
verticarpositioh in water containihg deter- 
. geht. This is best accbtnplished in ^cylinder 
with a cotton-lined bottom to prevent chip- 



1=^3 



V b. Clponing Tfest Tubtt an^ Slides- 

" , (1) If desiredrthes^ items, n^iy be soaked 
overn(ight in hot tajiwater containijig H*rieu- 
; tralv^tergent sugh aa any of the ^eU^knawn 
• liquid household diahwaahihg deterg'ewt^, " 
; : Highly all^aline dete'rg'ehts^shqujd; not be 
= ^ seroroglc^ glassware because of th^ 

diffi^mty'in removiri alkali that 

, ma^ affect 'test results. In addition,; pi^c 
longed exposure .to alkali will etch. the gta^s- 
, . Wara.» • V ' .; ^- ^^ - • V-vrV:v 

(2)'Actual eleanint of^the grassware'pith 
usually bc accdni^ished with a nyton oV simi / 
lai^brush in hot ta^water coiitaining 
f aeterjeTit:^Onlr:e^^siv^ 
.horrnally have to be subjected to stronger 
•clewing solutions such as the chromic* aeid* ^ 
cleaning solution covered in. paragraph l-5f,: 
(S^Rinse the glassware sevieral times in 



hot 

times ia*:fresh distilled water! 



ir^nrng tapwater andj theh,\^>;eral 



(4) 



y Vin an. inverted position in a 



drying opn (lOO^C) and store m a duBt-free 
^^J^ea-: Be sure; ta discard clfipped or clacked 
tubes^sirtg cracked - centrifuge tubes could 
be especially wasteful of/both tirrfe anci re- 
^agarits-^hot to .merition the: pqs^le incon^' 
vemence;td; tte ' [ -^'t^: ^ 



n:;^^^r v cf /^leaning Larger Ri^etf. Tipets in sizes bf 
;;^/piie nT:ror larger ;caR be cledn^d effici|ntly ir^ 
■ iiutoma descnibed in 

X/ Paragraph; ;i=6^CIeaning smaller pipets will 
be covered in paragraph |-&d= Excess! 
dirtj^ pipets may be cleaned'in elf -omic acid 
cleanl^^blution, * : ; - , 

(ll Sort thfe prerihsedvpipets, a^enioving 
those Bmalle^' than one ml. ; \ . ■ ' 

(2) A^alce'sure the tips are not clogged 
with debris. ^ " • * . 

;(3) Plnce the pipets in the hdlder^^basket) ^ 
wi#i tips uppermost^ - ■ s " - / ■ i ■ 
■ - • (^) Place - basket in w&shei; ahcl wash at ^ - 
least 2 hours/ Most :^^ashers^ can be set to- 
. cycle, at least 10 ^imes per hour. Be sure to 
>: ;observe several cycles to be certain that the 
: ' correct water pressure ;ha;s been applied^iind?h 

that the washer is cycling propferly. Do riot' 
■■- \ simply turn on- th^ water unless the pressure 
. has been pt^eregulated. ; " 

(3) Remove the pipets ^.nd. recheck" foi- ' 
clogged tips. Clogged pipets will not wash by 
Jthis methbtl, ■ ' i ' ■ 

. (6) Allow the pipets to drain brieMy and 
rinsp Or6 times in fresh distilled water^ nmk'- ^ 
ing sure to^drain the pipets^^ompfetely after 
each rinse;' , ' i^ - ^ 

, : ^r7) pry in a hot air oven ( lOO^C), V ' 
^ ^ : , d, tleoning Smaller Pipets. Pfpets Smaller 
; tjHati: one ml will npt '^lash adequately : b^y 



■ gravity as emp'lp^ed iii-^iiutopiatic -pipet 
. Mashers;; ffionseiiLien|iy» snia]ijM^uts^iii,ust:te 
>'WBshM by: aspiraieii3n usinig a vacuum such 

m pi^cJUcecI by; a faucet vacntrm pu^^^ 
- eral adftptevs/^Dr varioys'ftumlic^; ul^ii^ 
are avaiIabJe;rA)'t4^r^iMng fVir se\^Dri\} iWin- 
Litest with tapwater, the pipeLH Sire nn^ed- 
with distilled water, (liwned, and dritid in a. 
hot fiir oven tlOO'C) or t^ey^imy- be driml by^ 
flushing withv^cetone, ftolltiwed by air,;: ^ ■ i 

Praclednjng DispesdWc Dispos- 
able test tdbe^' are v^ry convenient for sero- 
tjests. However, most disposable glasswai^e i^ 

_,mad^ from^^ery^^eftp gl^ 

' ^still contain contfar^iinating alkali tmks^ it 
has been, precleaned at the factory at added 
post. Because serotesijH^ ar^easUy ^fected by 
chemical contaniiTi^vttoiiV thi^' 
neii tr a.1 i 5^d eu traUia^ i s . acco m pi ish ed > 
"by jmni^rstn^Vthe glas in 2^^^ 

(v/vHfeydi|bc}Tro^,;a^^ Then, the glus^wai^e : 

^t'la- rinsed sev^^al tirnes in hot running tapwa= 
te:i^ followed by fresh distilleff iwater and 

.dried, ' - ■ j._f \\ ■ ■" * ^ 



f.^Mhrmtrgc Add 'Cleaning^ Selution. 

^ ^^^^ - - ■ - - - i-: 



^ ^ ^ . ^ Unu^^ualfy" 

: d^r^ glaBs\\^re: m^^ W tdeaned by^inu 
s i 0 n i n : cii I'o hi 1 c e i d cl e an i ft g-^i ol u 1 1 on , Hmv- 
^evBK, due to :, th€* ^ difficulty of insuring^ |ide- 
quate rinsing^^ serologic glasswareshpiU^^ 
be cleaihed this way imlesk ^bsolut^alv neceB- 
; ^^sary,;,,^:. ; a . , ^ 

(1) PreF^tring Ghroniic Acidi : 

■ |H)taH^iu^r (iiehromatu (KiCr,()r^^ = ; ^' , . 

.. ^ nicarpi'acle L- . ton K . =;> 

Tai^vatt^r (oiwlistillod svatur) . 

: .nical j?ra(io. , _^ UKH) nil 

Digstiive the dichromate in^^^ taj)water in a 
large B^urdy^^Dntfliner, Once the dichroniate 
; is^ dissolved; place>the container in a sOik * 
i^^with cold c^irciilating i^ater covurinp: the level 
of yife; liquicj, While^)^^ rubber glpves, 

an iipron; .and safety^^lasses, slowly add the 
sulfuric ^aeid withrfieon^tant s^irringa'(AL- 
;j:;WAYS; add acid to water slowly with stia\ 
v:iji;ng.) Thu solution will change from orange 
4 to dark brown as acid ist added. This s^olutlon 
. is isable until it. tgurr^s green. Glassware 

con^niing large amounts of s4riim bK:qther . 
rorgrfnic substfihce^ will riipidly reduce "the 
usefiil period.-of theispluti Therefore, pre- 
rinsing^nd at leaat partial- dvying^^of the- 
glassware is^, advisable before* xdeaifing in 
romi(^acid*solutinn,.. \. = > ; ' .. • 

f2)„4Jsing Chtemie Aoid Cleaning Solu= 
tiop. Prenn^^ed^and pai'tiall> drie<l glassware *; 
irJmmersed-CAREFULLt in the acid while: 
weariing rubbiT glovep =«nd' safety glasses. -. 
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Speciai care' must Be taken to 'slowly im- 
.mers^^pipets as thiy may spurt acidMf imj 
mefSed too rabidly. Be spre. test tubes and 
pipets are completely filled. Let stand over- 
rilght; then, using the previously mentioned 
safety precautions, rmie the glassware thu- 
roiif hly in hot running tapwater follqwed by 
distilled wate^. and dry at lOOX. Larger 
pipits can be. finsed in a pipet water ^ after 
; acid clear\ing. : . ^ : 

SiCflQN C— l^BORATQRY EQUiPMiNT 

l-d! - Pipet ^Washtri One of the mpi^ u^pful 
pi^es of ' equipment- used - in- Urology is a 
pfpet washer. Various automatic models are 

■ ava^ilable— some with built-in dryers. Most 
^an wash atfou^t 200 1-ml pipets at one |ime. 
Cleaning is by sUrging waterf as^the wrf^er 
repea;tedly fills and emptiesv\Pip6ts smaller 
than 1 ml should not be washed in. these 
wBshers beGause the surging action, is h%ni- 

* pered* by the small bore of the pipets. In 
addition,^ care mSast be exercised in setting 
the water pressure of theseiyasherB. so . that 

..an: effective surging action is achieved. A 
typical pfpet holdef and>rasher e£re shown m 
figure 1^. ^ : . ^ V./ 



l-7r. Centrifuies. Centrifuges are use^ m ser-^ 
' blogy mainly; to separate patients* sera from ' 
blood. clots* in* addition, c^ntrifugration' is a. 
-^step in the preparation of certain antigens, 
such as erythrocyte suspension^. Several 
^ types of centrifugei^are appjJc#3le tfe sei^ 
ologic telting. Two examples'^ are showji in 
.figures lv3 and 1-4, • - 





fiQurm 1-2, Pipe* Wesher. 



Figure l-^S. CentHfi^ge,. Floor Mea©!;. 
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, a..Use of C#ntrifugef.^Usiaalljr^eac^ serologic 
"?jprocedure will specify the tiine apd evolu- 
tions per - minute* (rpm) that^centrifugatiqn 
should be^ applied." These settings' will Be 
adequate for most^ general purpose centri- 
, fuges.^ Hbweyer,/ certain procedures require 
- very critical^centrifugatlpn* For these proce- 
dures, a specific, relativ^centrifugai forc^ 
(rcf) or gravity (g) is given. Th^rcf pnd g.will 
' -be cpnsideTed as synQnymous for Serologic 
^ purposes. Both rcf and g are based on rpm 
• and the radius of the centrifuge.vAlthough 
taqhometers eentn meaiurer onJy 

J,^rpm*^most^nitfvtme 

tables or nbtnograni^.io convert i^rrt to tc£ 
, (gl.^The Tequlriid rpi^jb .achie»vihg a-giveri^ 
: rcf m^y VaWo bi ealc^ , - f/^ ' 

b^'CfiUUIsfing rpm From >ff (@r g)i_ ' 
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(1) petermine^t^e radius (in ceritiipetera) 
the cerptrifuge.head by measuring fp the 
: putermpst TIP of £he cehtrifti^ tiibe. Gentry 
>fuges with swinging-type^ps must hay the 
- cups extended horizontaljy before measu^ig 
\ the 'ppsition of the MP of the centr;fuge/^be. 

y- . (2) Calculate the required rpni sfetting far 
; th#^^desijFed¥cf using;the fpllpwing fprmulai 



Required .npm 



Desire^ rcf (or g) x lOJ 
141 X radiup (in em) 



7^ C£ Centififug^ti^n Precsutions, yarutble time 
- aridvreagents can Ve^ Ipst if glassware shat- 
ters during centrifvigatioh. In gener^l/glasi 
centrifjjge' tubes will not withsiand rejative 
; pehtrif ugal forces (rcf or g) v of mpre than 
about 20QC^ X g/Therefore, know your centri- 
fuge and when* to switch to; pQlyethylene or 
steel cehtrifuge tubes* ; ' ^ r , " 



r^8. Rotating Maehines. Slide rotatori are in- 
yaluable forfserbtests that require prolonged 
rotation of the. reactants on slid^Si; Many 
serote%ts require closely controlled rotating 
>peeds and times sg machines with v&riaHle 
speeds and timers arfes^pecially usefuL' Be^ 
sure to calibrate rotetors for each^prodedure* 
An example of a sMe. rotator is shown in 
figure 1-6. ' - 
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1-9. <^CenstGnt Jernperature D^€€s. SeVeral ser- 
ologic tests must be performed or incubated 
at sonie constant temperaturej usually body 
■ temperature. In ^ese, testi, a yariation of ^ 
l-Q from the presptibed temperature nlay 
n^t i)^ acce^table/In other tests* a' rang^^of 
several degrees may still yield valid results.'^ 
Four .mair^ types of constant temperature 
deviGes are useful in aerology. ^ 



a. Fr##if ITS. The bfept way to preserve sei*um, 
H it canndti be tested immedfately, is to, 
freeze it at minus 20-C%or colder,^ This' is^ 
because storage of serum at Toom tempera-" 
ture.jnay allow ;microorganisni^^ denature 
thr^ntibodies and, thus, render the serum 
useless fo^ serotesttng. Be sure to check stor- 
age instructions before freezing serologid* re- 
agents, because some reagents are destroyed ' 
by, freezing. , ' - _ 4"^ 

,bi Rafrtgtrstors. Refrigerators set at 4=6^C 
are used to store many serologic reagentt; Ih. 
additiorii serum may be stored for short 
tiin^s.^at '^this temperature. Only two ^erp-;- ^ 
,c^sts^:^;tltfe;.q^ hema^lutinatior^ a^d CRP 
testf are perfbrmed in a reftrigeratoi^ V ' ^ : 

c* Water Bsths, Variable-temperriturei-^ater ' 
baths are av&ilable that can mamtain tem^ 
p(i;r|i|ures within !0.5^C of any de&irgi^emper- 
atutii|from slightly above room tempWature - 
up tbiabout 60-^70^0. Altho^h .heat trarisfeif 
to test tubes immersed in water is exc^lIehH . 
^ these tubes must be handled carefully as 
dripping water ^piild ruin a test. typical 
water bath is shown in'^igure 1^6. . 
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Figure 1-5. Shde Rotator. 

d, Dry-H^t:^lecJ<i! Aeatrng ftocks^an main- 
tarn tenrperatures eon^'tant as .a - water 
bath mit: are ust^ful for tempemtures i^nclucU 
ing boiling arid higher. However, heat trans^ 
fer is not as: efficient as with a* water bath 
and ^te^t tubes exactly the diatnetev the 
heating ^lock riiUBt be used. Fortunately, 
unitg with interchangeable tLibe,holders;^u'e 
.available; See figure 1=7 for an example of. a 
dry-heat bjock, ^ , 

lilO; Mieroseopes.- Microscopes are rejqujrbcl 
to read certain/antigert-antibody rtjjictions; 
-that do not.yfeld- mtVproscopictilly viBible re- 
'actioris. Two main Jypes of micTOScopes are 
used in serology-. ' . , ,: " 
. a ! Light Mieros^opes. Ttie;\ise ot orduiary light 
'■(coiripound) micfoscbpes is decUning tapidly 
In serology as more and more matroscppic: 
testa deveioped. However, certain teats 
for syphilis still rely on light nTicroscopes. 
Thtt specific use in these tests is covered in 
chsinter 6. Information o» the cave and use ot 
light micfoscopaftjnay bevfound in AFM, IBO- 





Figure 1=6. Witer Bath. 



Figurfe 1-7! Dry-Heat lloek^ 

51, Clinical Laborafory Prpcedur^s— Hema- 
tology. „, ' . 

b Flueroseent Mieroseopes. Flji<(reBcent nucro- 
scopes? are -basically light/hVicroscopes that 
have a system Of bar4«' filters- bmlt into 
their barrels. Most of..tnese microscopes can 
,tilj be used 'as tight- and dtirk.field mici-o- 
soopes too. The,.iriiportaht difference with a, 
nuorescewt mic'roscbpe is the light som^^^^ 

(1) The light is usually from a high-pres- 
"sure mcircury vapor bulh^ that emits light 

inch in wavelengths of 3O'G.'40.0nm_the uppeV 

Uy area A system of filters removes .mo.st 
■ otKir wavelengths, thus exposing the object . 

under study to these UV wavelengths. If the 
'"ifigtet is- ptained with certain fluorescent 

dyes, the object will emit light of a color that 

'is characteristic of the. dye. 

(2) After passing the object, extraneous, 
UV light is filtered by the barrier filters .in 
the barrel of the microscope. These filters 
serve two purposes. First, they protect the 
eyes of the observer. Second, allow the object 
tO'bB'a&n ih its characteristic colors against 
a dark bacrigrdund. Use of a dark-field con- 
denser 'arso enhances this, contrast, but some 

' procedures, use bright^field condensers. 

(3) The"principle^"behind the use ot tlu- 
>jii-escent microscopes in immunonuorescence 

' (fluorescent antibody) testing is covered in 
paragraph 2=-12. Specific applications of the 
techniaue covered in this manual are m tne. 
nuorescent treponenuU , antibody-absorption 
(FTA-ABS) test in chapter 6 and the antinu- 
clear antibody (ANA) test in chapter 12 An 

■ example of a fluorescent microscope with its 
power supply and light sburce is shown m 

"figuij^a. ^ • 
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Figure 1-8. Nuerescent MUmicope Apparatus 



1-T1* Othtr Equipment, Several other items of 
equipment are- used in serologic testing, 
Spme are used only on rare occasions or only 
in larger or specialize^ laboratories. These 
will be digcussed briefly, 

a.' Timeri, Most serologic tests must be care- 
fully timed. Several types of timers are avaiK 
able* some of which can be used to start or 
stop other equipments In addition, many pie- 



ces of equipmunt, such as cuntrifugej*ri:ota^ 
tors, et cetera, iiiay have built=in timers, 

b. Steriliiers, Sterile p:lassware Is rarely, 
needed for serotests. Only leftts that ai*^ 
ineubuted at body teniperHture fbr several 
hours would ii'quire sterile uonditions. Of. 
course, any/equinnient or j^IuHsware contami' 
nated with viable ori^anisms must be steri= 
lized before being discarde(^or cleaned. * 

.c. Mkrotitration Iquipmenh The development 
of microtitratiqn equipment has proven to be. 
a very useful substitute foj^test tubes and 
pipets in certain serutests. At times these 
' tests use as little as one=tenth the anmunt of 
; reagents as the original tust method using?' 

test tubes, et cetera. In addition, mici^otitra= 
J tian is many times faster in setting up a test 
procedure than other methods. The basic 
equipment consists of caUbrated microdrop- 
pers, plastic plates with wells in theni, and 
the- rincrodiluters. These items are available 
conimercially. They are shown diagramniati- 
cally in figure 1^9. Many accessories; include 
ing automatic pipeiters and diluters, are 
available to .complement these items. Ah 
thwgh microtitration equipmeht is required' 
^for/:only one proceduru in this manual (the 
rubella titer in chapter 14), the technique 
has been, applied to several other serotests. 
Examples are the antistrept;olysin-0 (A^O) 
^st in chapter 9, tests tor bacterial aggluti^ 
nation as in chapter 5/ complement fixatitui 
tests, and others, , . ^ 
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Ghapfer 2 ^ 
IMMUNOLOGICAL BASIS FOR StROLOGIC TiSTS 



StCTIOJN A— IMMUNITY / . ^ 

2^1. IhtroduEtion. Resistance or immunjty. to 
disease can be classified under two broad 
headings^innate immunity; and acquired im-^ 
munity. If the disease-resiatirig ability is an 
inherited characteristic, the individual is 
\said to possess innate immunity; Innate im- 
munity is Usually very general in action and . 
not directed specificaUy at a given patho- 
genic organism. In contrast, acquired immu- 
nity is directed against a Bpecific microbe or 
microbial product. 

' a,. The specificity of acquired inimunity* 
involves inactivation of the pathogen or for^ 
eign substance by specific globulins, known 
as antibodies, that have been produced by 
the body in response to the pathogen or some 
foreign substance gaining entry into the 
body. These antiDodies are found in body 
fluids— especially blood. Antibody production 
can also be stimulated^ Jby^ the injection of 
killed or attenuated organisms u^ed as vac- 
cines. Even^^parts of organisms or, thei^^tox-' 
ins may stimulate antibody production. Im- 
munity can also be acquired by producing 
antibodies in one individual or^n^nimal and 
then injecting these antibodies into another 
individual, thus hopefuHy protecting the re- 
cipient. . 

b. Although all immunity involving anti- 
bodies may be classified as acquired immu- 
nity, not all an-tibodies are of a protective 
nature. Many antibodies arise from contact 
with foreign substances that are not con: 
nected with disease at all. In some diseases^ 
the mere presence of certain antibodies" 
whether protective or not, is diagnostic. In 
other diseases, ian increase in antibody level 
is .significant; The detection and study of 
antibodies and their reactions provide the 
basis for the science of serology; 

2-^2. Innat© Immunity. Innate immunity is the 
type where man is immune to canine distem^ 
per, while dogs do not contract syphilis. Each 
species has innate immunity to that particu- 
lar disease. There, are many degrees of in- 
na:te immunity displayed. All species do not 
possess the absolute immunity described, in 
the exampl% Even members of the same 



species vary in their ability to resist a given 
disease.^ Many defense mechanisms arfe ac* 
tive in inpate immunity. Although there is 
much overlapping, these defense mecha- 
nisms can be divided into two categories- 
anatomical and chemical, excluding antibod- 
ies. A few of these will be described, 
a. Anatsmicql Defense Meehanlsmii ' 

(1) *Skin. The intact skin is-an efftctive 

_ physical barrier to most disease-causing or^ 
ganisms. In addition, chemical mechanisms 
also operate, here because the acid pH of the 
surface of the skin inhabits many microbes/ 

(2) ^ Phagocytes. Throu^out th^e body 
there is found a wide variety of cells which 
actively engulf (phagocytiz^y foreign parti- 
cles, including micrdbes. White blood cells 
are well-known as pKa'gocytes. Kupfer cells 
of the liver and microglial cells of the brain 
are ejramples of phagocytes which arf local- 
ized in spejgific 'organs^. As usual, chemical 
mechanisms cannot be4xcluded, for even .the 
actual attraSption of the phagocyte to' the 
foreign particle is chemfraUy or ionically me- 
diated: AlsQ, chemical degradaction of the. mi- 
crobe takes place, in t^e phagocyte, if the 
phagocy^ has the appropriate enzyme sys- 
tems to destroy that particular microbe. 

(3) Mucus. Mucus may act as a physical 
"trap'* for disease arfents. In combination 
with\ other mechanisms such as the cough 
reflex and cilia of the respiratory tract, mu- 
cus becomes an effective factor in preventing 
disease. Mucus can also contain phagocytes,A^ 
enzymes, and aMlbodies which add effec- 
tively to disease resistance. 

(4) Mouth. The simple act of swallowing 
moves potential pathogens to the stomach 
where few can survive. Coughing followed by 
swallowing aids in the removal and destruc- 
tion of respiratory pathogens. Many en- 
zym|s and other microbial inhibitors are ac- 
tive in the salivary juices of the mouth too. 

(5) Urihary Tract. The flushing effect of 
the'urinary tract helps to physically remove 
potential pathogens, 

(6) ^EyGs* The flushing action of tears, = 
along with the presence- of enzymes in the 
tears, p^rovides one of the best examples of 
ini^ate immunity. Acquired immunity is of 
minimal importance here. Even so, the eyes 



art* purhups^ thu numL lH»alihy t»rirans of t|iy 
budV wht?n one considers intVctipus disua^u. 

\7r LymphatU' Syst(;»nu .This tty^^^t'"^/^^^ 
iiiu't^ running: thrnu^hoiU ihu hcvdy Hu^ 
j\odos ut intervals. Thesf\ nntit'H van phyf^i* 
cully filtfeT iviurubus ^ fruni lyiiii^luitit' =" fluid. 
AUd. the nudes are tin- sitew ut-eumalation 
,of' white hlo()d ctdls^ jncluding fixed tissue 
. inaerophages^ These cells ai^e then iii ari 
ideal' position to; phaKocytize*. the uffendinK 
niieroori^ahiBnis: , . ^ ^ 

b. Chemical Dtfense Mechaniimt, Excluding Anti-' 
bodies; . 

' (I) Lysozynie. This enzyme is present irr 
manv body ffulds siieh- as miieus. tears^ and 
:saliva/fM4niarily,Jt ifttaeks the (^ell walls of 
^ra^^-p^^sitJ Ve 'bacteria, ^ 

Vly Interferon. This protein is produeed 
by the body in re^^punse to^a viral infectioji or 
after the Lnjection of (^ead viruses. It differs 
r|oni Uiltibodies in that interferon may pro- 
vide protection aijainst cHalleiitfe by another 
cumpletely unrelated virus while antibodiAi^ 
Durmaily act only against the specific in^ 
jt_^cted virus; 

i/A) F^ropfcM'din. This. hiKh-mdleculur- 
weight pnitein is effective against certain 
viruses and also..ajcainst sf)me ^^ranvpositive 
bacteria and even a few ^ram-ne^ative ones. 
:pr()pui^din nvie:ht be ciinsidered to be an anti- 
bodvilike sirbsDanee as its action requires the 
presaTYce X)f complement and niaffnesium 
^ions; both of which are aepive 'in ceilain 
antibody reactions. In fact, properdin has 
been caHed a *^natural antibody," but it lacks, 
the spet^Clcity <>f an antibt)dy^ anci,^ attacks 
many different oreanismst _ 

(4) Inflammation. Invasb)n by certain mi- 
crobes causes inflammation whicdi briUK^ 
several riefense mechanisms into nctiori. For 
. uhe; the temperature at the site of the in^ 
.flammmtion' tu' even thrmi^hnut the body 
may rise, thus becoming a less favorable 
environment for many pathogens. The in- 
c!^eaKed pernpeability of bloud vessels at the 
site allows antimicrobial factors and white 
•bloocl cells, to fHmdily ^(mtact tfhe infectious 
affenf. Alteration ^ of the chemical cqmposi- 
tion at the site alst> acts as a defense mecha- 
. riism. For example, the pH Koes d(jwn as 
lactic acid and carb(?n dioxide accumulate. 
AH of these chancres durini? inflamniation' 
combine ^ resist f^y-ther ^reproduction and 
. (llssf^niinatk^ri fjf the path£)Kt^ 

2-3. Acquired Immunity: 

a. Active Immunity. Active immunity is an 
. =act^uired imnumity because it invcdves spe^ 
■ cifir antibodieH aj^ainst a microors^anism oy 

foreign suhstance/ It is called active immu= 
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nity because the indi viclu'al^ aetively .pro= 
ducexl these antibodies 'himself at some stixm 
in his life, 'the .antibodies may. arise as a 
result of a elinical or s,ui)clinical iiifection by 
the ^iven nncrube. They may Mso .be pro- 
duced in response to vaccinat ioifs with killed 
or attenuated omauisms. In either ca^e, tire 
; individual prudiices the antiboclies. Antibod= 
ies produced folh>winK actuml dtifection are 
said to confer naturally-ab^i^ired active im^ 
nuinity. Vacctnation produces ary ficici^Hy-^ac^ 
(|iured active immunity. The resulting; juiti- 
bodies may contribute .to imnuiiiity in sev-^ 
era! ways dv not at alh Some nmy cause a 
mierobe to be more reaUHy pha^ocytized. 
destroy it directly, . neutralize some toxin pro-= 
duced by the M)r^anis^m. or combjne these 
actiohs/Man may also produce antibodies 
that have no apparent protective'value at all 
hilt their detection may be useful dia|:nusti^ 

callv. s 

(1) Naturally^Aeciuired Active rinmunity. 
The fact that^a pei^spn has rechve^recl from «n 
infectious disease does ru)t i^uar^itee resistT 
amce to another at^u'k by the s^me mierobe. 
For example, Inriuenza and ji^uiiorrhea residt 
in very shortdived immunity . and repeated 
■- attacks are cortirnou. ^n the other hand, a 
single infection of measles, or chicken po^ 
usually ^eonfefs lifedonK imi^T^niity to reinfec^ 
ti'on. There ^ are. other examples of these ex- 
tremes^jf mimunity and also niany that fall 
■ between the extremes. - / - 

^ Especially -signiricaVit^to the serolo^ 
. Kf^t ;is the Tise m .antibody titer during' the^ 
eourse of a di^4ase. Jn many cases, serology 
cal tests are, the only practical diagnostic 
tools avaUable. Perhaps isolation of the caus^ 
ative organik^i would be impossible, too ex- 
pensive/ oi^ take too loUK to benefit the pa- 
's tient. . : . ^ ^ 

(b) Another important aspect of sei^^ 
olo^ical testin^r is the determination o^ anti^ 
body levels at a Riven time, A good example 
^ of this is the testing of serum from pregnant 
females for antibody titers against rubella 
(German measles). In this case,,; a ceHam 
.titer usually indicates that the pregnant 
wo.man is immune' lo the rub-elUvj^^rtiB. Con- 
sequently, the safety of the developing fetus 
will most liliely bo assiirpd in the event the^ 
, immune woman ^shoukU become exposed to 
/rubella. 

(2) Artificially^Acquired Active I mmu^ 
nity. For many diseaaes, vaccination has 
proven t#be: an .effective method of providing 
immunity. 'This immunity is, also not abso^ 
lute and the relative efficiency of each vae^ 
cine can be ^guessed by the frequency that 
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rejmniunization i& required, In endemic 
areas, cholera and plague shots are given 
every 6 months; yellow fever shots, every 10 
year^Dbviously, the yellow fever^vaceihe is 
much more effective than cholera and plague 
vpecines. Although antibodies produced as a 
result of vaccination may benefit the patient^ 
these same antibodies usually confuse the 
Serologist. His tests usually will not differen- 
tiate between artifici&lly-acquired antibodies 
and those produced in the presence of active 
'disease. Consequently, a negative history 
with a rising antibody titer becomes very 
important m se'rodiagnosis. Of course, the 
problem is minimized in diseases where vac- 
cination is not practiced. 

b. Passive Immunify. Passive immunity is 
another type of acquired immunity because 
antibodies are invorved. It-differs from active 
immunity by the fact that the antibodies are 
produced in another individual or animal 
and then irijected into the recipient, The 
recipient passively receives the immunity 
c^nferr^d by these antibodies, 'Although pas= 
sively-transferred, antiBodies^arfe\ important 
to the recipient; they are short-lived and 
rarely assayed by the clinical serologist. As , 
with active ir7¥munity, passiv3^immunit^ may 
be acquired both naturally and artificially. 

(1) Naturally^Acquired Passjve Immu- 
nity. This:: type of^ imrhunity ds signifieant 
mainly in the survival of the newborn infari^t. 
The 'Infant passively acquires antibodies 
from 'its rtiother. The antibodies may, pass, 
from the immufie mother. to.tHff fetus across 
the placental bdrrieY, In addition, the ihfdnl 
may acquire thesa^ antibodies froni, its 
mother's milk which is rich in antibodies for a 
sho^t time. after birth, Oj^CDursej immunity is 
transferred only if the mother is immune to 
a given disease. Passive immunity is espe- 
cially irnportant to the newborn because' 
they are incapable of producing antibodies of 
their own for a few months after birth. The 
antibodies received via natural transfer from 
the mother are relatively short-lived with 
protection seldom exceeding about 6 months. 
Fortunately, by this time the infant's immu- 
nological system is fully'functionaL ,r 

, = (2) Artificially-Acquired Passive Immu- 
nity. Antibodies 'that have been produced in 
anotiier individual or animal and then ad- 
minrstered by injection. to the recipient pro- 
vide' this type of immunity. This method has 
been -used extensively in the . past in the 
treatment of diphtheria and tetanus through* 
the injection ^of antibodies produced in 
horses. Before the advent of antibiotics, pas- 
sively^ad ministered antibodies were used as 



the treatment for pneuniococcar pneumonia. 
Currently, passive immuniEation is mainly 
used for prophylaxis following exposure to 
such diseases as rubella and infectious hepa- 
tiiis. This is usually aceompjiished by injects 
ing the.^ recipient with antibodies (gamma 
globulin) which have been lextracted from 
the blood of immune persons. These antibod- 
ies pl'ovide protection for a relatively short 
time and then are r^mbyfed ft'om the system. 



SECTION Br-ANTI^NS AND ANTrBODIES 

' Antlgansi ■ ' 

a. Introduefien. Any foreign substance that 
stimulates the body (or any animaPs body) to 
produce antibodies is called an antigen. To 
qualify as'an antigens these foreign" sub- 
stances must also react in some specific way 
with the antibodies that have been. produced. 
An antigen might be a nUcrobj, part of a 
microbe^ some microbial toxin, or even some' 
foreign product completely unrelated to mi- 
croorganisms and the diseases they cause/ 

; Although antigens comprise a wide variety 
of substances, they have several cHaracteris- 
tics in common. All function together to qual- 
ify a substance as an antigen. ' 

b. Characteristics of Anligensj ' 

(J.) Foreign to the Body. Normally, the 
body does not respontf by producing antibod- 
ies against itselft A notable.exception to this 
is the production of antibodies against the 
*lens of the eye. This may be explained by the 
^fact that the lens is not in intimate conta-ct 
with the reticuloendothelial systeifts^hieh 
produces the antibodies so the lens is, ^Refe-^ 
fore, recognized as foreign. In addition, there 
are other examples iOf so-called autoimmun,e 
diseases in which thtf4)ody produces antibod- 
ies against itself but these .are usually asso- 
ciated witl% some malfunction of antibody 
production or antigen recognition. In gen- 
eral, However, the reticulaeridothelial system 
responds only to antigens that =are foreign, 
but even members of the same species have 
many antigens that are foreign to other- 
members of the species. In man, the, red 
blood cell. antigens with their significance in 
blood , transfusions and erythroblastosis fe- 
talis provide good examp^les of .foreignness 
within a species. Another example is seen in 
kidney transplantations, where usuall3|,only 
kidneys from very close relatives ai{a* ac-, 
eepted by the recipient. In time, kidneys, 
from unrelated donors are usually rejected 
due to reaction with antibodies produced 
against kidney antigens, However, the* mere 
f^ct that, a: substance is foreign to an'individ- 



'uai does not confer antigenicity* Other char- 
acteristics must bfe p^respnt tdo. . 

■ ■' (2) Molecular Weigh^, Another character-* 
istic of antigens is that they are generally 
complex chemicals of very *high molecular 
weight. A moleculaA' weight of 10,000 i^ con- 
sidered. to be the minimumt but antigens 
with a molecular weight down to about 3,000 
have been ' known. Some antigens have mo- _ 
lecular weights in the niillidns. In general, 
the strongly antigertic substances have 
higher rriolecular weights than weakFy anti- . 
genic^substances^ . 

(3) Chemical Natur0. Mbst antigens are 
pratelns or proteins compIexMi with carbohy- 
drates or lipids and, as such, are derived 
from living organisms. As a general rule, 
carbohydrates and lipids are not antigenic 
uliless in a protein complex. Only humans 
and mice appear to be able to produce anti- 
bodies against pure carbohydratesV such as 
certain; polysaccharides, but this is a 'rare 
bccurr^nce in nature^ 

(a) Each antigen has two parts — a car- 
rier arid a determinant. The carrier is usu- 
ally a protein. Aside from contributing most 
of the molecular weight and increasing the 
rigidity of the antigen, the carrier functions 
mainly as its name implies— a carrier, .The 
dpVerminant is the. important, part of an anti- 
gen. It makes an antigen a specific, foreign 
substance. Although the determinant cannot 
stimulate antibody prodTjctiori by its|lfUit- 
can react v^ith the antibodies. once thW are 
produced. A determinsnt'-functioning in this 
fashion without its normal. carrier is called a 
hapten. Many consider determinants and 
haptens as synonympus. ^ 

(b) Determinants (or haptens) comprise 
only a small portion of . the total antigen 
mdlecule. For example, even the stereoiso- 
mers, D-tartaric acid and L-tartaric acid 
(M.W. 150), when conjugated with a carrier 
protein, fornri specific antigens. Each stimu- 
jates the production of ^antibodies which 
react only- with the given isomer, In additioh 
to lending specificity tof the antiger^ and 
stimulating the body to produce specific anti- 
bodi'es against them, determinants are the^ 
reaction sites for the antibodies in ^antigfen- 
antibody reactions. Each antigen molecule 
usually has about a dozen of these reaction^ 
sites (determinants) but some ^olecules may 
have a hundred or more,. By contrast, the 
"most corfimoh type of antibody molecule tias- 
only two reaction OT/ combining sites while 
other types may have up to ten sites. There- 
fore, most antibodies. are said to be bivalent, 
while iin'tigens ere multivalent. The valence^^^ 
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of antigens and antibodies is especiallyjm- 
portant to the serologist in mixing the 
proper proportions of each in serologic tests* ' 
(4) Reactivity with Antibodies. The last' 
characte,ristic that an antigen must possess 
is that it must be able to react in some 
demonstrable way with the antibodies which 
have bjeen produced in response to that anti- 
gen. The utilisation and observation of these 
antigen- antibody reactions provide the basis 
for serological diagnosis and are covered 
later in this chapter and throughout this 
manuah , - ^ 

c. Fate of Antigens. Antigens "may enter the 
body in a ^variety of ways. They may be 
acquired during the nornial course of living, 
. during disease, or following vaccinatipns. 
They may also be injected accidentally such 
as duFing a blood transfusion. Once they 
enter the body, they are very rapidly loc^aU 
ized in the fixed riiacrbphages of the liver, 
spleen, and bone marro\V.'The macrophages 
appareiitly process the antigen in some way, 
but the lymphocytes actually produce the 
antibodies. Some antigens are physically 
- present in the macrophages during the time 
that the lymphocytes are actively producing 
-antibodies. Whether this is necessary for 
continued ..antibody production is under in- 
vestigation. Many a^ntigens* appear to be 
l^resent for several months after injection; so 
retention may be essential for antibody pro- 
ductfonito occur. 

2-5. ^ Intlbodieii 

a. IntrQduetien, Just as antigens are defined 
in termp of their reactivity with antibodies, 
all antibodies are_ intimately associated^with, 
their antigens. These antibodies must be 

' able to react in some demonstrable 'way with 
the antigen which stimulated their produc- 

* tion, Antibodiei of significance to the sexolo- 
gist are found in the serum (or plasma) frac- 
tion of blood, but theaa are some antibodies 
that remain fixed t#^certain tissue-^ells. 
These fixed^ntibodies are of minimaLsi#iifi- 

, cahce to thfi serologist although theJr impor- 
tance to tne health of the indfvidual should 
not be discounted. Whether fixed to cellp or 

* free \n the serum, antibodies have several 
eharacteristics.in common. 

b. Characteristki ef AntibodieSi 

(1) Specificity, fn general, each antibody 
' will react only with the antigen that stimu- 
lated the body to produce that antibqdy. In 
other words, each antibody assesses a 'high 
degree of specificity. As with any biological 
system, there are exceptions to^the rule, 
: TChese exceptions, will be discussed^later un- 
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der airtigenic variation and as they apply to - 
each test procedure. 

(2) Chemical Nature. Ahtlbodies are 
found in the globulin fraction of serum pro- 
tein. More specifically, most antibody activ- 
ity is in the gamma globulin fraction of 
' serum globulin. Because the^e globulins are 
active in immunity, ^hey are frequently 
called immunoglobulins as a synonym fdr 
antibodies. , 

(a) The immunoglobulins (antibodies^ 
of man can be further classified based on the 
fact that they are antigenic themselves 
when injected into certain animals. The ani- 
mals produce antibodies which precipitate 
the |human immunoglobu'lins. Five main 
clasiles of immunpglobulins have been identic , 
fied in man by this method. They are IgG, 
IgM, IgD, IgA, and IgE. Most antibody activ- 
ity in human, serum is due to IgG, IgM, or 
IgA with certain diseases causing the pro- . 
duction of more of one class than another. 
For exampfe, antibodies against bacterial 
endotoxins, are primarily IgM," while those 
against the mumps virus are IgG. In addi- 
tion,i the class that is produced in greatest 
quantity varies with the number of times the 
individual has had contact with a particulars 
antigen. Usually on the first contact, such as 
a vaccination^ JgM is the main antibody pro- 
duced; but on a second or subsequent con- 
tact, IgG usually predominates. 



(b) The five classes of imniunogiobulins 
also vary somewhat in molecuiar weight and 
struc,turiB. All are yery large molecules with" 
most classes having a molecular weight of 
150,000 tb,:tO0,000; however^ the mblecular^ 
weight of igM is about 900,000. Each immu- 
noglobulin molecule consists of a: combina- 
tion of two types of chains of amino acids. 
These chains have been designated as light 
chains and heavy chains. The most abundant 
immunoglobulin nioJ^6ulerigG, is made up of 
two light and two heavy chains. An IgM 
molecule has ten light and ten heavy. chains. 
Each chain of th% molecule has a region witK 
a constat amino acid sequence and a varia- 
, ble region. It is the variable region of the 
antibody molecule that was produced jn re- 
sponse to a specific antigen. The variable 
region, is also the hinding site in antigen- 
antibody reactievis, Figure shows a sche- 
matic structure of an antibod^^^gQ) mole- 
cule, 

2-6, Antigenic Sharmg.(Cr©is-Rea£tivi|ty); 

a. lntrodu£ti@n. So faV, antigens* antibodies, 
and their reactions have been described as 
very specific entities. However, there are 
three main factors which serve to' destroy 
the totality of the preceding discussion. First 
of all, a given organism, such as a bacferium* 
may possess several entirely different anti- 
gens, each of which stimulates the produc- 
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Figure 2-1. Schematk StKieture af ao^ Antibody (IgO) 
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BACTERTAL.CELL with several antigens on Its SURfACE. 




RITICULOENDOTHEMIAL CELLS BECOME STIM_ULATED TO PRODOCE SF«eiFIC 
ANTIBODIES FOR EACH DIFFERiNT ANTIGEN pN BACTERIUM, 




SPECIFIC ANTIBODIES ARE PRODUCED, 



EACH ANTIBODY MAY THEN RE4CT WITH TWE O^jGINAL BACTERIUM PLUS 
ANY OTHER BACTERIUM THAT HAS THE SAME (OR SIMILAR) ANTIGEN, 




V 



Figure 2-2, Cress-Raactivity. 
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tion of antibodies agairtst^that antigen., Sec- 
ondly, eyolution ^has resulted in seemingly 
unrelated organi|nis wrI^ may possess an^. 
tigens In" comriio^ with 'each othei^ ovBven 
' several organisms. Finally^, the ^fyft^er of 
possible antigens (cpmpounds) is limited by 
.the number of eleitients dccuri'ing in nature 
^ so that^uplications ai^e inevitable, The^nd' 
/result^ is the production of ahtibbdieB whicR 
will react with identical or nearlysidentical 
antigens from two or more completely unre- 
lated organisrfis/See figure 2-2, In serologic 
testing, this antigenic sharihg/results in 
what is referred to^s crdss-reactivity.; 

'b. Signlflfeanc© ©f* Crois-ReaEHvlty. To the, ser-. 
olo^ist, cross-r||ctivity iS both a useful and, 
at .times, a. very confusing occurrence. The 
serologist in performing hii tests mult be 
-cons^mtly aware of the>possibility that some 
completely unrelated antigen, such as a-hop- 



uses only in vitro relictions. After mixing ' 
antigens'and antibodies in test tubes oii on 
slides, the serologist iiyist evaluate the reac- 
tion h^ observes, if any, and report his find- " 
ings to the physician,^ Many times the mere 
presence #*absence of a reaction is adequate 
for the physician^ but at times an egitimation 
^f th^antibody level is required. This is 
.especiariy important in following the^ourse ' 
m a disease wh^e a change in antibody 
levels may be significant. Actually, no practk 
cal method is available for directly measur- 
ing antibody levels. However, analyzing the 
reactiTig capacity or titer^of antibodies in a 
given 4eruni provides a practical measure of 
antibodyjevels. This is usually a:ccomplished 
by making serial dilutions of the patient*s 
Serum and noting the greatest dilution that * 
still giyies a positive reaction. The titer is 
then expressed as the reciprocal of the high- f 



pathogen, may hav# stimulated the jyoduc- ^ seryffTdilution to give the positive reac- 
tion bf 'the anybodies under study. He must 
learn to rule out these so-called "false oosi 



tive" reactions. At times tfiis poses an insur--= 
mountable obstacle. On the other hand, the : 
principle of cross=reactivity provides the ba^ : 
sis for many useful serologicaF tests. For , 
^e^tm^le, patients with the supposedly viral ^ 
disease, yife^ious mpnonucleosls, produce ■ 
antibodies against sheep and 'horsB red blood 
cells. This factjs then used in the laboratory 
diagnosis^ ,^^iTOfectious mononucleosis be- 
; cause sheep'or horse red blood cells are more 
readily available and easier to use then the 
causative virus. In fact, no practical test is 
available for the detection of the infectj^ous 
mononucleosis virus. Another good example 
is seen with rickettsial, diseases, such as ty- 
' phus and Rocky Mountain spotted feveV. ^ 
These rickettsia^have some antigens in com- = 
mon with certain bacteria of the genus Pm^ 
teu^: Since bacteria are more readily culti- 
vated than rickettsia, the;moTe economic 
route is selected by using^cterial antigent 
(PrQteiia sp.) in serologic testing for the unre- 
lated Tickettsial diseases. These are but two 
examples of the beneficial usl of cross-reac- 
tivity by the serologist. Many more ^es of 
crois-reactiyity are seen in serologic Siting 
including the mqst common of serolbgic 
tests=the ones for syphilis. Additional uses 
of cross-reactivity wilf^be described as they 
apply to the procedures presented in this 
rnanuaL 



tiom^r exary)^, if a serum dilution -of 1/ 
12^was the highest to react, the tite^ would 



be reported as 1280 or iU280 against that 
antigen. This titer, while not an absolute 
measure of antibodies, provides a mathema- 
ticahbase for future tests on t!i^' same* pa- 
tient. ' > . ' ' 



SfCTIQN e—ANTlGIN-ANTIBODY RIACTIONS 

2-7, Intrpductjen. Al^)\pugh in vivo antigen- 
antibody reactions ^'aVe important to the 
health of a patient, the clinical serologist 



a. Sources of Antigens and Antibodies. As men- 
; tioned 'abo^e, in many serblogic: tests the 
^erologist wjH be tryijpg to detect, and per- 
^*^ps titer^ antibodies in a patient's serum. He 
■ will accomplish thi^ by re^elmg. the patient's 
. serum with some knbwn^ aj^ugerL However, 
in a. few tests, he will be testin^for the 
presen'ce of ^ giveri^ antigen' frornman by 
using known antii>odies (antisera) that have 
f been prodileed ih some other animal, such as> , 
a rabbit. Except for these antigens of human 
origin, antigens^ used in serologic tests come 
from a variety of sources. As mentioned in - 
the discussion of antigenic (cross-r^^tivity), ^ 
very useful serologic tests have been devised 
using antigens from sources which are ap- 
parently completely unrelated to th,e disease - 
process under study. In addition, many anti^ 
gens have been modified by the serologist in ' 
order to "make the reactions mor^ readily 
visible, increase the sensitivity of a test; or 
enhance the test in some practical way. 

^b. Stages of Antigen^Antibody Reactions. Tri 
vitro antigen-antibody reactions usually oc- 
cur in two stages. The first is. a nearly in- 
stantan^us physical combination/^of the . 
reactants without a^ visible reaction. Soma 
reactions stop here. There are tests available 
to detect tliese first-stage reactions; but, for- 
tunately, many antigen-antibody reactioiis 
go to a second stage-^a visible reaction. A1-- 



; y 7 ' ■ ■ . ■■ ' ■ / ' . * , " ■ ' 

'hhough the manifestHtioms of a*^is^ 
f Ition may take n^inutes or even hours to 
income evidehtj the serologic tests presently , 
' in use mak^ wWe use of secQncl-stage reac- 

* tions. In fact, "i^h-y test reactions, that nor- 
mally ,wou)d not^beW modi- 

' fied to provide visib>^ reactions for the ser- f 
ologist, , = ^ ^, 

cV^ypes ©f in *vitr© Antigen-Antibedy tegc^i^ns. 
There, are several types of antigen-antibody 
reactions used by the serologist in his profes- 
sion, Althou^ thei^ are n%any mbdinc^tions^ 
of the basic reactions, they can, be ciassified 

-into the following five main aiategories: pre- 
cipitatiKjn, agglutination, neutralization, 
coriiplemen^t fixation, and immunofluoresc- 
ence reactions or tests. Since a given anti- 
body may react in many different ways,' 
there may be tests available frsm ^veral of 
these categories for a^g^en disease. For 

/example, a disemse may stimulate the pro- 
duction of IgM ahtibodies whitfh are most 
efficient in - agglutination reactions, but . 
tKesiB antibodies will react iin A^^^ypes of 
reactions too.^ Consequently, t^st ^^lection 

^ must jbe based on. the antibod/ present as 
well as on the equipment and pierso^nel\ca- 
pabilities of a glv^ laboratory.^ 

2^8. Preeipitatiok Rea^eHoni. Precipitation is 
^ thfe^econd-stag<^ reaction in which the anti-.* 
body (precipitin) reacts, with a spluble'. ahti- * 
gen. The visible precipitate resulp ft'om the 
s^uential combinatioh pf antibodies and an- 
tigens until antigen-a'ntibody aggregates 
large enough to be seen are formed. Thisj, 
formation of visible aggregates, will occur, 
only when optimum proportions of ^oth anti- 
^ gen and antibody are present. Most precipi-; 
tation reactions take several hours for a 
visible precipitate to appear: The tests are 
usually performed by one of two basic meth- 
pclg^ — .in capillary tubes or by immunodiffu- 
sion' in agar^^ ' ' . ' . ^ \ 

a. Caftillary-Tube ppecjpltirT Tasts, In this tech- 
nique, the soluble antigen and the antibodies 
(antisera) are introduced successively by 
capillary attraction; into the tube so thM the 
layer^ contact each other. After in4Cubation 
in an upright position, the precipitate usu- 
ally forms at. the antigen-antibody interface ^ 
or throughout the mixture if the proper anti- 

* gen and antibody are present. This test is 
relatively insensitive as it detects only large 
amounts of antibodies. Another more ob- 
vious limitation of this metHod is that both 
antigen and antibody solutions must be 
clear, as; cloudiness may interfere with, read- 
ing the final resultsv This technique is used 
for the detection of C^eactive protein, in the 



AFM 3 8-227^1 % S^ne 1975 

"serum. Precipitin tests/ also have apjylicu- 
tiona in bacteriqlogy in the classification pf 
sti'eptococci, ' . ^ 

b/ Immunodiffuiion Tests. There al^e n\any 
tests being developed whi^ depend bri the 
^diffusion of either the rintigeti or antibody 
(or both) through a buffered agar before they , 
freact. Some of thfse methods require. sophis- 
ticated laboratory eqaipment, such as for the 
detection of radioisotopes, and are beyond 
the scope of this manual, biit the increased 
sensitivity and |pecificity of these methods 
may soon make them practical However, 
there are a fewMnimunodiffusioii tests which 
rely on the formation of a/visible precipitate. 
Some of these are rather BOphisticated tests 
tpQ^ but their impbrtance warrants at least 
brief mention. In general, these tests are 
baseJon the migi-ation of the antigen arid/or 
antibody through the agar until optimum 
proportions of .g^ch^are reacted and a precipi- 
tate appear&JAs'ft^ual, the appearaiice of the 
precipitate takes several hours, but a modifi- 
cation by combining diffusion with elect|o^ 
phoresis has speeded the reaction and- Was 
great promise for' the future in serologic 
diagnosis. . ^ ^ f ■ 

(1) Double' Diffusion Tests. In doable dif- 
fusion tests^ th©^ antigen and antisera are 
frt^ced in separate wells cut into the^ agar 
atid^ach diffupesgbward the.other. A pvedp^ 
itate line ap|fears where /optimupi propor- 
tions of the f€actants are ppseiit. See figure 
2-^3. Although the techniqui' yields only qual- 
itative results, it is simple and ican be used 
with mixed antigen systems or in many com- 
binadons of known-unknown situations. TRe 
t^st is referred to as the Ouchterlony test. It 
has been applied to the detection of antibod- 
ies in cocpidipidomycosis. 
^^ : (2) Single SRadial Diffusion Tests^ In this 
method, one reactant, usually_the antibody, 
is incorporated intt) the agar. The antigen is 
placed in a well ari% diffuses j-adiaUy Into the 
agar, A ring of precipitate forms whtose, dia- 
meter is proportional to the antigen concen- 
tration (see figure 2^4). Standard antigens of 
known concentrations may be tested at the 
same time. The djameter of the reactions of 
the 1 standards ca"n be plotted against their 
concentration; and, then, the concentration 
of unknown samples can be read directilyi 
from the atandardizati^ curve. This method 
is presently used for estimating the concen- 
tration of immunoglobulins (IgG, IgM, etc) 
and complement (0*8). The specific details, of 
these tests , are described in chapter 15. Sev- 
eral other antigenip subsWnces can alsd be 
assay^ by this method. .. _ 
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' . (Positive) 



PATIENT'S SERUM 
\'(Negative) 



PATIENT^^S: SERUM 
^ (Ptsitiue) 




CONTROL 
(Positi 



Fig Ufa 2-3, Double Piffyfidrt(Ouchterlony)^^ 

(3) Immunoelectroosmophore (lEOP).; 
This technique is.alsp called counter'eleotVo- 
p*iortsis, /counter-current^eIecti;^h 
counterimmuTioelectroph atid ■ 0th;eV&V 

ifc" B4sicajly th^yrinciple is' a donibiriatitfn of 

fbllqwed by gr^eip>tetibn at jthe point of opti- 
^^mal proportions reactants.;In the: test, 
antigen ancr-^fititedy^^re glaced ihj separate 
wells in the. ^an ^nd^ an eleatric&l current; 
; applied. The )^H*and ionic sS^ngth' of thp 
agar well as the nature of the antigen a^d 
antit^ody deterniine the migration character- 
' isticg of the system. As applied to th^e detec= 
tioh of the hepatiti.^ associated aintigen 
(HAA) in the blood of potential blood ^bnors, 
' e antigen (HAA) is eleetropHoreserf tWard 
the ^iknown antibodies which ar^ dif^sing 
through the, a.gar toward ^he antigen. A'\pre- 
cipitate line Sppefirl whert optiip^um p^opor- 
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PATI^T'S SWUM 
^ (Negative) 

ANTIGEN 



CONTROL SERUM 
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tibns of each have reacted (see figiare 2^), 
The main advantajres of lEOP over double 
odi^usion tests, kre increased , ^eed amrthe 
.abiTity to detect, very;' smaU-;^ 
'antigen— both impor^^t^ consid'er^ 
the clmical serologisU" ^ ; s*' 

2-9.' Agglutinatl©i# Reactibns. These reactions 
are similar tti; precipitation reactions in that:. 
antigen^ltTitibody aggregatl^ are ^formed; 
The m^in difference is that aggiutination is 
used to describe the aggregation of ;particu- 
late antigens. These antigejis might be red- 
blood ce]l3* bacteria, of even inert particles 
such as latex pai'ticles that have been coated' 
with a g5>f^n antigen. Ftocculation i^ at times 
uged ersonepugly as a synonym for aggJu^f-' 
natig% "Sanie authors use a^^fuiiHatio^- 
when desc/ibing reac^^^v itiwlviiiif tfelluljar ^ 
antigens; (red blood'- ^fUs^^afc) and flocculii-^ 
tion for inert antigens Clatejt, etc). Many, 
varieties of agglutination (or flocculation) re- 
actions have been applied to clinical seroU 
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Figure 2-3. Immynoelectrodsmsphorells (IIOP), 
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ogy, They are faster than precipitin reaci: 
, tions and mfiny can be o^^erved mucroscopU 

a. Sactfrial Agglutination, The first practical ^ 
application of' serologic test in/niedicinfe was 
for the detection ^ agglutinating aiitibpdies 
(agglutinins) against Salm6mUit4yphi in the 
serum of patients with typhoid fever. AU 

^ though this test w£is devised b^for^. the tuvn 
of the century, it is still in use' and the 

-principle- has Tbefrn- applied ' to the sero-^ 
diagnosis of certain other bacterial and rick= 
ettsial diseases such as tularemia, ^r^icel- 
losis/and typhusl In these tests, known bac- 
terial antigens are used to detect unknown 

^^antibodies in the patient. The bacterid r^ay 
he live or killed and preserved in some f^^h- 

" ion such as witK . heat ;and,^or formalin. In the 
case of typhus arid related rickettsiar dis- 
eases, a good example the' application of 
CE^ss-reHCtpvity is seen, A^^lutmation tests 
for 'rickettsial diseases' use bacteria of^he 
genus Proteu.? as antigens insteajl of the 
rickettsiae that actually cause the disease, 
The febrile agglutination tests in chapter 5 
are bacterial agglutination tests. Another^ 
irtiportant application of 'bacferial agglutina- 
tion ^^§4^ bacteriology, where kn^wn antisera 
(antibylies) are used to identify unki^wn 

. bacteria. ^;;V ^ ^' ' 

b. HWmagglgtinatiQn, The agglutination of 
ery^hTbcytes by t^ntibodies .or viruses pro= 

■ ' ' ■ . . . " . , -^f^ -. 
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Vides^e basis for ni^Jiy.^^^tests. In a(ldi-\ 
tion; l(emaff^^itiiiatia*C^aetioi\s arfe 'the 
main , type ^used ill inlinunohematolpgy' or . 
blood' banking but this field is cevered in "! 
another mahiuil. Them aref fveral modifica-^ 
tions of the»b£iayc test; Each wilJ be discussed' ^ 
se^-atbly,' ; * , " ' - : 

.^^) Direct' Hemagglutinatiou, In'these. 
tests the'-antigens on the erythrocytes are;;. 
presenrnormaWy. Althoug^h' the cells may be y 
preserved to increase their useful lifespan,; 
tiiey are esseintiaHy unaltered, Dir^t hem- 
agglutination serotest^ are applied nuiinly to 
'two diseases, primary atypical pneumonia..' 
and infectious mononucleosis. Both ar^ ex^^ 
cellent examples of the application of cross- 
reactivity to sefotests. The antibodies inlpri^ 
mary atypical pneumonia agglutinate hu- ■ 
man group **0'*^ or the p^tient^s own erythro^ 
cytes althoug)i the disease is^caused primar- 
ily by a pleuropn§umonia-like organism,, Jn 
infectious mbndnucleosis, erythrocytes fronv 
sheep, horses, and oxen have been used to J 
detect antib'^ies. Tests for infectious mono-"^ 
nucleosis and pidjnary atypical penunionia , 
are found in ch^ters T and 8/uespectivtely>; ; ^ 

(2) Passive tindirect) Heiiiagglutinatlow 
Th6. antigens jn this type; of hemagglutina- 
tion ^test have been adsorbed onto erythro- 
cytes^ The erythrocytes are simply physically 
carrying the antigens- Sheep erythrocytes 
are frequently used forthis purpose^, A wide 
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Figure 2-6, Passive (Indirect)^ H.emagglutihatipn* 
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anneiy of antigens whicK do not nopiiall:^ 
give a second=^age reaction of any kind ian 
b6:|tetejgted if«^he anU^ on. 
^•yfhrocytesj AgRkKination of the^rythro-' 
cytes is jndrcative of the antigen-antibody 
' ,1-eaGtion/^Iany polysaccharide, antigens 3^iil 
**^adsarb directly pntoien^throcytes bat prdteih 
aiTtigens usually require pretreatment of the 
eryt|i|:bcyteg with tannic acid l^fore the an- 
tigens will adhere. Antigens prepared in this 
way provide a very sensitive method ofJtjBstr 
ing for aMibodies. The -teyhnique has TKeeit:^ 
used in the diagrf/osiB'' nf amebiasis, ^lagtieV 



Kifthimoto's thyroidifiis, and otliers. Th^} 
aciion is presented ^rtiphically in figure 2-^6. 

,i3> Passive He^niEgglutinatiqn Inhibitions 
Another usefuhapplibtition of aritigftin^ artifK 
cally adsorbed onto erythrocytes has. been in 
t e st s t c) i n h i b i t h e ni ag^ u tj n a t i o n. t h at wo u 1 cl , 
talce place in the pr&sehce of the proper 
antibody. The te^t is used mainly to d^ect 
the presence of free antigens in solutions" 
S;tich as urine aiid serum. It is carried out Ut 
two steps. First, a known ^utibody against 
thfe arilti^enic substances under study is 
mixedVith the solution tha4, is susl)e^?tec^ of 
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NEGATIVE (Antigen Not Prtstnt) 





Hemagglutination-, 



Ffgure 2-7. Passive Hemagglutinatidn Inhibition for Detecting an Antigen. 
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containing^tfie'^kntigenf. If the aritigeit isi'lfi 
fact, present* the antibody will be bbunt{;0r 
inhibited. In the second st^p. of the teBt^^ 
antigen^cdateci erythi-ocytes ami^dded to the 
test. -Agglutination now indvciit&s that t\re 

' an tl.bpdy h as n^ been i n h i bited %nd 'K^' t-rete- to ' 
re act SyTrt h t h e a n t i g.e ri -bo a t ed r y t & L'bcy te f ^ : ^ 
a riegative test. It meahs/that the afttigen 

^ WM not present in the soltition under study. , 

lu^o agglutiiifation of. the erythrocytes indi- 
.bates; a positive test, These reactions are 

^^ri^serited' graphically in figure 2^7jThis 
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^teehnique hi^- been rfppJteU successfuUy mT 
pregnancy tests (if eiicHiipter larfor the de= 
^. tection Df ;.hja'^a;n^^;Hori gonadotropin 
' (H^):i:n( thewiM \ ' , ' / -^ 

, j(4J;:/Viral Hemagghitination 'Inhibitit)ji. 
CertLiiti viriisesjiave the ability to AiggKtftin= * 
''ate certain erythrocytes. For examplev the 
^rubella (German measles) virus agglutinates . 
erythrocytes from day-old chicks. Antihpciies 
,against the virus inhibit -this, agglutinati|&^i.'y 
The reaction is presented graphically in'fig-^; 
ure 2—8/ Determining the'iititt^r, of ritbellji^ 
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Pt S i T I V E ( A n tibSd y P r e s e n t ) 
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No Rejction 



' NtGATiVE (AntibcydV- Not Present) 




Viral Hemagglutination 



;Figurte Hmmti^^\^\r\Q\\Qn Inh^fti^n for Detecting Antibedi^s, \- 
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Kemagglutina^^ antibodies in a 

% patient^ ierum^ Is a useful measure of th%/ 
, patient's abilitjr to reflst^futurf infectioh b^^ 
/Hh^ rubella virus. This test fbr inhibiting 
: an t i b p dies h a s b e e p u se d e it t e n s i v e 1 y o n 
pregnari^^omen where a rubella irifection 
eould Result in severe damage to the develop- 
ing fetus* Tests fo^vrubelia antibodies are in 
chapter 14,, The same principle has been ap- 
plied to t h s. s e r p d i agn o ijs o f i n fl u e n 2 a and 
certain^ arbovirus diseases ; which result 
\in; the pi*p:du0tibn ^Df hem 
iting antibodies. ? " ' n 
7^ (57 Agglutination Involving Inert 
cles; ^Several in<|rt^. acellular j^icrti^^ 
HSeen'^oatfei' w 
and used in sierotests/ :Some pf th^^t are 
latekj bentonite, charcoal j- and others. ;The 
Tf actions itivolved may ,be either direct ag- 
glutination of the cbajed particles or agglu- 
tination inhibitfohcTpo many diverse combi- 
: nations of antigens ^and inert particles exist 
to coy6f adequately at this point so each will 
bie covered tn this nianual as they apply to 
each'test, but tests for syphilis arid rheuma- 
tdiid arthritis a^^l^mples. 

S^l 0. NeytralUof ion ^aitiQni. Usually neu^ 
tralization is uked only to describe antigen- 
antibody reactions which /require a labora- 
tory animal to detect whether or Hot a reac- 
tion has, taken' place. The antibodies and 
antigens, such as toxins or viruses, are 
mixed in vitro. Then the mixture is injected 
into the test animal. Subsequent observation 
of the animal for characteristic symptoms 
indicates whether thei toxin or virus has 
been neutralized, As can be imaginedj the 
main^nance of an animal colony is beyond 
the scope of the, average clinical laboratory. 
However^ if one uses the term, neutraliza- 
tion/ in a broader sensej there are several 
serologic tests that could be categorized as 
neutralization reactions. For example, the 
hemagglutination inhibition tests previously 
discussed might apply, but the best example 
is the antistreptolysin-0 (ASO) test. The an- 
tigen in this test is. a hemolysin, streptolysin- 
Of that is produced by, certain streptococci. 
Antibodies neutralize the hemolysin in vitro 
so that when erythrocytes are eventually 
added to the test, the hemolysin can no 
longer hemolyze them, This test is presented 
in chapter 9i 

2-11. Gempltmfnt fixation ReacHonrp Comple- 
ment is a set of 11 serum constituents which 
become inactivated (fixed) in many antigen- 
antibody reactions. In fact, complement is 
required for the completion of many of these 
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reaictrona. However, since many' intigeri-anv 
tibody reactions do mot result in a visible 
manifestation, the detection of cqmplement 
fixation provides li Uiefur serologic test. To . ; 
detect whether complement fixation has oc- 
curred inHhe first reaction, a le^ond antigen- , 
antibody system is added to the test. Sheep 
erythrocytes and antiiheep erythrocyte anti- 
bodies (hemolysins) ar^ usually used in this 
secq^nd p^tep. The sheep RBC hemplysiris re- 
quire the presence of complement to lyse the 
erythrocytes. There f or e* lysis of the erythro- 
cytes indicates that free ^complement is still 
present in the system or thai no complement 
fixation (no antigen-antibody reaction) oc- 
? ciirr ed i n the"^ first -step of ^th e testtr Go n* --ffi?^ 
verseiy, no hemolysis indicates a positive li 
complement fixation tesi^, This test hai many 
applications in the serodiagnosis of viral dii- . 
eases and^has also, beett- iised extensively in 
syphilis serology. However, since the test is 
performed only^in larger laboratories, procfe- - 
dures will not be included in this manual and-^- 
reference should be made to procedures in 
the medical literature when needed, 

2-12, imm^pqfluQrsicens^ Resetians. Also called 
fluoresceritj^ft^ibody (FA) reactions, theses 
tests are, Based- on the fact that certain 
chemicals emit Visible light when exposed to 
ultraviolet (UV) light. Sor^e of these chemi- 
caU (for example, fluorescein isothipcyanate 
can be conjugated with antibodies without 
destToying antibody reactivity. Although 
there are several modifications, two main 
types of reactions are used in the fluorescent 
antibody tests in use in clinical serology. 

a. Direct FluiJr€i€iint Antibody Technique. Iri this 
method, a specific antibody is conjugated 
with fluorescein. The labeled antibody is re- 
acted on a slvde with its specific antigen, 
such as. bacteria, spirochetes, viruses, or sim- 
ilar particulate antigens. The specific anti- 
bodies adhere to the cells. After washing, 
away excess antibody (and any other anti- 
bodies not specific for the antigen), the prep- 
aration is exposed to UV' light and viewed 
with a microscope fitted with special filters. 
In the case of fluorescein isothiocy an ate- 
labeled antibodies, the organisms will now 
emit a blue-green light. This technique is 
used mainly to detect an antigen in tissue or 
from culture by using known, labeled anti- 
bodies, It has been applied to the detection of 
the gonococcus, meningococ&iSi streptococci, 
plague bacilli; and several others in clinical 
specimens. " 

b. Indirect Fluoressent Antibody Tfchnique. This 
modification of the fluorescent antibody 
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\; technique is Uieful bacaufle it permits the 
: 'detection of antibody in a pafcient^s lerUm 
without the time-^ of hav- 

: r:-ving; to label the antibodies of each patient 
. ; with the fluorescein dye. As usually applied, 
the unlabeled patient^s ierurn is reacted with 
•a known antigen (bacteria, spirochetes, etc.) 
oh a slide and the exceis antibody washed 
away as in the direct technique, Next, fluo- 
resqfein-labeled antihuman globulin, that has 
•been produced in an animal following the 
injection of human globulin is added* The 
labeled antihuman globulin reacts, with the 

; . patient's antibodies (globulint) that rhave^ 
coated the antigens. When examined by Uy 

'^/^microscqpyrthe^same^fluo 

^k^direct test is seen. The steps in the reason 
%are diagrammed in figure .2-^9* In a^ditibn, 
this test can be performed on serial dilutions 
of the patient's serum in order to determine 

' the antibody titer. The Fluorescent Trepone-. 
,mal Antibody Absorption (FTA^ABp) test for 

i : syphilis in chapter 6 and the Antinuclear 
Antibody Test for lupus erythematosus in 
.chapter 12 are based on/ this indirect FA 
method. . \ ; 

2-13. Other Antigen-AnHbedy Reectisnsf^Se 
other types of reactions occur whi^ require 
at least brief mention. Some of these could 
have been included in the five categories 
described' in the preceding paragraphs but 
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are considered to be of lesser ■importance: 
than; thfe examples given, Others are tests of . 
the future. A few. of these will be deseribed 
briefly, . 

pseniflcetlQh. This process is the altem 
tion/of foreign particles by antibodies (opson- 
ins/ which enhance phagocytosis of the parti- 
cles* In vitro tests are^available to detect 
these opsonins, ' 

. Quellung Redctlen, Antibodies against cer- . 
ain encapsulated bacteria, such as pneurno- 
cocci, cause the capsules to swell. The reac-r 
tions ^re very specific. In the past these 
reactions were used extensively in selectin 
the proper antiserum to administer to p 
monta patients^ but their 
disappeared since the advent of antibifiitics* 
Thii capsular swelling by specific anybody 
has also been used in the ident^iepgion of 
Haemophiliis infltcenzae and Bacil^^ anthrw 
cis. " ■ •■• 

c* ImmuhQe^ectrophortils (IIP). Electrophoresis 
of serUm antibodies in agar may he followed 
by th^ addition of knawn precipitating antig- 
lobulins, such vas anti-IgM, anti-IgG, etc* 
When the amount of precipitate is compared 
with known norrhal standards, a semtquanti' 
tation of each class of imrrtunoglbb.ulin' is 
possible* Through the use of radioisotopes, 
many modifications of the basic technique 
are possible. 
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PIgure 2-9. Indirect Fluertscent Antibody (Immunofluopes^ncey. 
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Figure 2-10. Prnzonm {Excm%% Artftbody) 

' d. Rsdldimmunssisay (RIA). THis term applies 
to serologic tests which employ radiois^^^ 
in them. Although ^limited at present to 
larger laboratories^ these tests are likely to 
become more widely used due to their in- 
creased sensitivity and greater accuracy- 
than other methods. pFesently under devel' 
opment is a test; for the hepatitis associated 
antigeh,.that is several times more sensitive 
thart older methods. 

2-14. ZONAL ftfACtjONS. There are several 
factors* such as ionic cpncentration, temper- 
/aturSj, incubatibn time, aj^d^otherSj that .af-. 
feet antigen-antibody reactions. Howeverj 
the serologist rarely has to worry about 
these factors because most reagents used in 
serology are commercially manufactured. All 
the serologist h^s to do is follow thfe manu- 
facturer's directions with adequate ^ontrolSj 



and these factors will be ttpt jindei^SontrblV 
Howeyerr ther^ are. tw^ituatidns of Jwhich^ 
the serologist. should l^'sa^rfe; Btoth m 
result in. tt*' weak reaction or lack of visifcle 
manifestatioh of the eKpected reaction due to 
alterations in the" optimal proportidng qf^anr^ 
tigen to antibody. ' ' 

a^ Prsione Resctlans. These are* Weak or nega^ 
tive reactipns.due to an antibody excess. For 
example, in an agglutination reaction, each; 
antigenic determinant might be combined 
with a single antibody molecule so that ag- 
glutination would be impossible. 4^ prozone 
reaction Ji depicted graphiic&lly in figure 2- 
10. puspected prbzone reactions can be de- 
tected by making dilutions of the antibodies' 
(serum) before'adding the antigen. V 

b. Ppitz@n@ RaacHani. These are weak or heg-, 
ative reactions due to artexcess of antigen in 
the^ test. Although rarely encountered by the 




Figure 2-1 1 . Pqs rio^rte (ixeess Anflgen) Reactisn 
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V serologist unless he; is devising or mod^^ 
* a test, postzone reactims are, in fact, what 
are seen early in a dise4se before an opttmal 
antibody level is achieved-. Some undetecta- 
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ble antibody may be present/ A postpone; 
reaction is depicted graphically in figur#. 2- 
11. . 
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SPIClMf N cdlLiCTION AND PRIPARATION 



3-1. Typet of Spegimens. Valid serologic tests 
must b^e performed on properly eollected and 
prepared specimens. Since most serotests are^ 
.perfQrmdd on the patient's serial, proper col- 
lection and preparation usually rertrs to 
,^lood collection: and separation of serum, 
dey 

i&ssmgvof serumv iHowever,^ 
are performed on other body fluids. In addi- 
tion to serum, some serotests are performed 
on plasma, cerebrpipihal ^fluia (CSF), and 
urih#. The characteristics of .^ach type Of 
specimen will be described briefly/ ' 
.a. Serum. Serum is the supernatant portion 
of whole blood that has been allow&d to clot. 
Serum is the most fraquantly assayed speci- 
men in serology because antib^ are 
found in the :serum. Certain ahriormal com^ 
ponentsi; such as C=reactive; protein (CEP) ^ 



really serologic t^sts, some serdlbgia tech-^ 
niques are employed in performing them so 
the serologist is usually responsible. 

(M' OtiB very important precaution to 
keep lj^mind when handling CSF is that, like^ 
^Wf^j*^®'^^*oloffi«al fluid, CSF, must be coh- 
^$ld6^|d t^ eohtain^patho^^ 
' riisfnji' until proven to the contrary. The spec^ 
imen may have been collected from a patient 
with meningocdccal meningitis, tuberculosis, 
or sdme other infectious disease transmittal 
ble to the unwary technician, : 

.d. Urine. Pregnancy tests are about the 
only serptests performed on urine in the 
average clinical laboratory; These are tests 
for the presence of a hormone, human cho» 
rionic gonadotropin (HCG), in the urine dur^ 
ing pregnancy. Usually a freshly collected 
morning specimen will be used in these tests; 



and rheumi^tnM f^i^ ^ ^ " W "'^*'M"¥^peciinen wui ne used m these tests. 

tS^mh^T^^J^:^^'' also £bund;.rf^ In^acW.^^ to pregnancy, ilCG, may be de- 



serum by using serotests. 
; b. Plasma. Plasma is the fluid portion of 
that Jias been preyehted from clotting 
by the addition of anticoagulants, such as 
oxalates, hepmrin, EfiTA, and others: ^^h^ 
only significant difference ^between plasma 
and serum is. that (in addition to anticoagu- 
lants) plasma contains; the fibrinogen that is 
removed during the clotting process. Plasma 
IS rarely used in serotests because ftbrinogen 
precipitates when plasma Is heated, and an- 
ticoagulants could alter the sensitive chemi^ 
. cal halance of a serotest. However, certain 
tests for syphilis may use unheated plasma 
and ;unheated serum interchangeably. 
Therefore, be sure to use plasma only if 
specified in. a given test procedure and then 
only if the correct anticoagulant is used. 
:^ c. C#r©br©s^inQl Fluid (CSF). A physician 
collects this specimen and usually presents 
the laboratory with three tubes of fluid num- 
bered in the order collected. The third tube is 
usually reserVfed for serotests, but any bloods . 
free sample Qould be used. Serotests on CSF 
are usually limited to tests for syphilis, but 
te^ts are available for detecting albumin arid 
immuTrdgldbulins in CSF. 

(1) Cerebrospinal fluid is also frequently 
tested for its effect on various colloidal sus= 
pensions, such as colloidal gold, gum mastic, 
and benzoin. Although colloidal tests are not 



tedtedv In^the urine in certain diseases, tfrine 
IS also occasionally tested for the presenfee of 
certain immunoglobulins that may be'passed 
in abnormal conditions, but these tests are 
usually beyond the scope of the average clin- 
icaj laboratory. : ■ 

Biood CoHecHdn, yenlpunetur^. There are 
^everal reasons vrtiy serum, from blood col^ 
l^ted by veiiipttficture is the specimen of 
choice for ma^y serologic tests. Primarily, if 
the antecubital region of the forearm is used 
as a collection site, the patient's discomfort is 
minimal and of short duration. In addition, 
the yehipuncture is Easily performed by a 
technician, and enough^blood can be col- 
lected at one time for several tests or repfeat 
tests. The techniques to be described here 
are applicable to all serotests requiring 
serum or plasma except for the tests for cold 
aggkitinins. The special techniques for col- 
lecting serum for cold agglutinins are cov- 
ered ia chapter 8. * ^ '\ . 

ar Venlpuhcture Site. Venous blood can be 
collected from several body sites. A physician 
should make all collections from the scalp, 
femoral, or jugular veins.. However, even 
mmimally trained technicians should be able 
to collect blood from the antecubital region 
of the arm of most patients. If necessary, the 
technician may also collect blood from the 
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back of the hand or top of the foot/However, 
the bacfc of thM hand and foo^ are more 
sensitivW to pairii and the veins ^end to roll 
easily SB jhat the arm is usually selected 
the site of choice. The venous system of the ; 
anteeubital region of the; arm is shown dia- 
grammatically in figure 3^1. The^ actual coU 
lection , site is usually the medium cubital 
veitvot anotHer vein in that vicinity^ 

b. ;iquipm#nt, Ih' geheraU sterile equip. ^ 
ment^or glass^^re should be used in per^ , 
forming venipunctures for serotests. The 
main items used in venipunctures ar^ as 

follows: ; % ^1 

*(1;)-Sy^ringes:^brj;^vw 



.^^i&i (usually without anticoagulant), 
^^2) llft^aitea^ sterile disposable, ^bout 20 
gaSge, 1^2 ii^ches J6ng (or double^pbinted 
needles)* ; f ■ ■■■ * 

(3) Tourniquet. ; . . ^ ^ 

(4) Isopropyl alcohol,. 70%. If made from 
.99%isopropyl alcohol, q.s. 7Q ml of alcohol to 

99 ml with distilled water. . . ' 

(5) fAlcohol^soaked sponged. Use 70% al- 

cohoL , u 

(6) Gauze pads, sterile, 2 k 2 in^es, 
(I^Labeled cDlleoting tubes. ^ 

(1) Laber the collecting tubes with .the 
patient's name and^ other identifying mfor^ 

mation. . ui ' 

(2) Wash your hands thoroughly. 

(3) Assembla^ the ne§dle and syringe or 
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Figure 3-1/ Site of Venipuncture* 



vacuum tube system. Align the bevel with 
the markings on the syringe. Examine the - ^ 
needte and discard damaged ones. Keep the 

, plastic shield on the needle until ready to, ■ 
use: l^ake sure that the plunger of the sp- 
ringe is free and pushed completely into the 
barrel to prevent injecting air during the 

^venipuncture. . ' 

(4) rf- ambulatory, .have the patient 
ieated with the selected arm extended plam ^ 
upward and resting on a table or similar 
device. Bed patients may rest their arms on 
the bed. . 
d. Syringe Tftchniqite: ; ' * / - u 

(1) Place the tourniquet about 3 inchf s 
- 'SBovt^thrpatient'sie^ 

to cheik venous flow but not arterial flow. 
The patient rtiould still have a pulse at the / 

wrist. / , , \u 

(2) Have the patient open and elose the 

fist severaltimes, V . 

: (3) Select the desired vein by inspection 
and palpation (seefc, figure 3-2); ^ . . 

(4) jClean the skin over the selected punc- 
ture site with an alcdhoUsoaked sponge (see 
b, figure 8-2). Wipe otf excess alcohol with 
dry, sterile gauze pad. Maintain aseptic tech- 
nique from this point on. 

^ (B) Have the patient clench his fist, 

(6) Grasp the syringe in rthe right (or left) 
hand and remove the plastic shield from the ^ 
needle. The forefinger nwy be placed on the 
hub of the needle_as u guide. Do not touch 
the needle. With the other hand, hold the 

: ;s^in taut about 2 inrht-s below the puncture 
. ?gite^tsee c, figure 3-2). » : . ^ . 

(7) With the needle held bevel up, insert 
/ the needle alSngsrdfe and parallel to the vein 

for a short distance and then into the vein, 
all in one motion (seed, figure 3^2). ■ 

(8) Gently aspirate the desired quantity 
of blood. Make sure to firmly anchor the 
barrel of the syringe while aspirating (see e, 

figure 3^2). ^ ; . \ ' 

(9) Remove the tourniquet prior to re^ 
moving the needle (see -f, figure 3-^2) and 
have the patient relax his fist. 

(10) Place a dry, sterile gauze pad over 
the puncture site and apply light pressure. 
Withdraw the needle in one; smooth motion 

(see g, figure 3=2)< ^ ^ \ . - 

(11) Have the :patient keep constant pres- 
sure on the site for 3^5 minutes while keep- 
ing his arm extended. Remove the needle 
from the syringe and gently deliver the blood 
specimen down the side of the appropriately 
labeled tube (see h, figure 3=2). 

e. Voeuum Blood Coll«etmg Tube Teehnlque: 
(1) Label the vaeuum tube withjhe pa- 
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a. Locate the vein 




c/Guide ntedle toward thi viin 




e. Aspirate the blood 




g. Place a sterile gauze pad over the 
site and withdraw the needle 




Cleanse puncture site 




d. Insert needle into the vein 




f. Remove^he tourniquet 




h. Have the patient extend the arm 
' and maintain light jiressure oh 




Figure Z^2i Venipuncture Procedure, 

■ . . . ■ ^ ' . < * 




'Figurt 3^3, . Vacuum Blood Colifrctibn System'. 



tiertt's name aind other identifying, informa- 
tion, ^ : 
■ (2) Screw the double-pointed need 
the holder, leaving the plastic shield ovep the 
venipuncture point. . 

(3) Embed the short needle in the stopper 
until the stopper reaches the guideline on 
«thfe-hdldeK-Dp^Ti6t-^bpesk (aee- 



figure 3-^). 

; p4) Prepare the patient and insert the 
^ needle as indicated in paragraph d. ^-^ • 

X5) Once in the vein, push the tube all the 
way into the holder, .Constant pressure on 
;the %nd of the tube ntay be required if the 
: rteedle is with, the rubbfer shut-off 

jleieve for collecting multiple specfraenSv The 

• sleev-e tends 'to push the tube from the short 
needle* ' ^ 

(6) Change tubes if multiple tubes arej to 
be doilected^ 

(7) Remove the tourniquet* apply, a ster- 
ile gauze pad and remove the needl^as de- 

: scribed in paragraph d. Be sure that the 
patient maintains Constant pressure on the 
site for 3-6 minutes following the yenipunc- 
' ' ture: . ■ • •' ■ ' .• " 

. Di^uMioni i 
^(1) Aseptic technique is required for the 
;'patient-s and technician's safety/ 
. / ^ . (2) If possible*' collect blood at least an 
houw^ after the patient has eaten* since chy- 
lousN^rum could interfere with certain per- 
\ ologic tests, 

(3) To minimize the development of a 
hematoma, be sure to rerhove the tourniquet 
before withdrawing the needle or if difficulty 

• is encpuntered in inserting the needle. 

(4) Blood collected in syringes must be 
, transferred quickly and gently to the specU 

men container. Hemolyzed blood is unaccept- 
able for serologic tests. 

(5) Always allow vacuum tubes to fill 
completely because hemolysis may occur due 
to rushing air as the needle is withdrawn. 

(6) The blbod-collecting techniques de- 
scribed in this chapter are applicable to all 
serotests requiring serum except for cold 
hemagglutinin tests. Special collection tech- 
niques for cold agglutinins are given Jn chap^ 
ter 8. ' , - " " ' ; ' . _ -.. , , 

3-3. Blood Coilectioh, Capillary Puncture. Blood 
/ QbJlection from capillary punctures is seldom 
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required for serologic testp because v in}'; \ 
purieture is relatively simple and effi , 
technique* However, capillary puncture may ^ 
prove to be yie most practicar^^^m 
certain patients, such as infants^ V ^ ' 

a. Puheture Sitti - . 

(1) Adults. Usually the lateral sui*face of 
the tip oJ the ring or middle finger is used 
. when the patient is an ^ult.: Heavily caU 
loused areas should be avoidedV As an alter- 
nate site thie edge of the ear lobe is accepta- / 

^■bie. \ ' : - ; ■ ■ ;. ^.^ ■ . -v. 

(pllhfanti. Either the heel or the big toe 
can be used for tidllecting blood by capillary 
pu nctu re f rp ni i n fan ts * _ V " ^ j _ _ „ . 

b. Reagent and Equipm#nti 

(1) Isbptopyl alcohoh 70%. If made from 
99% isoprppyl alaohol, q.s. 70 ml of alephol to 
99 ml with distilled water. / 

(2) Alcohol-soaked sponges. Use 70% al- 
cohol* . - 

. (3) Gauze pads^ rfterile, 2 x 2 inches. 

(4) Lancets^ finger-bleeding, sterilei ■ 
(fi) Capillary tubes, with or without hepa- 
rin as determined by the test procedure. ^ 

c* Ttchhlquei 

(1) Be sure the selected puncture site is 
warm and has adequate circulatioh. The site 
may be warmed with warm (38^G-40^C) ^ater 

. for a few minutes. Dry the site before the 
next step. 

(2) Clean the site with an alcohol-soaked 
sponge/ Wipe the site dry with a dry^ sterile^ . 
gauze pad. Be sure the site is completely idry * 
to prevent hemolysis of the blood by alcohoK 

(^) Mak6 the puricture and wipe away the 
first drop of blood. NOTE: An "X" inciiion is 
advised for small infants to assure a fVeely 
flowing sample. \ 

(A) Fill the capillary tubes about tnree- - 
fourths full by capillary attraction. 

(5) Apply pressure to the wound with a 
sterile gauze pad (or have the patient apply 
pressure) untirbleeding stops. 

S#par€tion of S#rymi 
a. Clotting. Blood for all serotests/except cold 
agglutinins (see chapter 8), can be allowed to 
clot at room temperature. A few minutes after 
the blqjDd. is collected, free the developing clot 
ftom the tube by ringing^e clot with an 
applicaitor stick. Usually enough serum for 
most testa will be expressed after about 30 
minutes to an hour. If greater quantities of 
serum are required and the delay is not signify 
icant, the clot may be allowed tq retract more 
completely overnight in the refrigerator (4^C- 
lO^C). When adequate serum has been ex- 
pressed from the clot, the clot is sedimented 
by centrifugation. 
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amount of gerum required for testingv^;ciBn* 
. trifugatldn for ms little as S minutes at 1500 
rpm may be adequate. For more complete 
'packing of tha clotrmcrease the time to 
-; V:ahou^M Actually neither the time 

nor the speed is critical as long as the glass- 
ware can withstand the speed arid adequate ' 
f ; sedimentation of the clot is achieved; Blood 
collected in capillary tubes is best separtted 
using a' microhematocrit centrifuge after 
first freeing the clot from the glass with a 
bacteriologidal needle and seahng one ehd. 

c. StpsraHon. If serotests are to be per- 
formed immediately after ^cfentrl 
/ no further treatment of the; serum is re- 
; qufred before testing, the serum may be left 
on the clot, Just be sure not to disturb the 
clot \^en taking a sample of serum. How^-, 
ever, never itbre serum with the clot/ If ? 
prolonged storage or shipment of the serum 
is anticipated^; transfer the serum to another^ 
. appropriate container: Be sure that the new 
jsontainer is tightly stoppered to prevent con- 
tarnination and desiccation. After centrifu- 
■ gation, seri^m may be collected from c^piU 
lary tubes by first scoring; the tube with^a - 
'file and then breaking the tube above the 
cells- - * > ■ 

i'-B. Pr#s#fvatieri of Strui4i; Ideally, serotests 
should be performed as sc^n as possible after . 
the serum is cpUectad. TniS is necessary be- 
cause antibodies in the serum are readily 
denatured by many microbial contaminants. 
HoweVjery since immediate processing is not 
always practical (or even possible, if the 
specimen must be shipped to another labora- 
tory), some method of preserving the serum 
must be used, Specifically, the antibodies 
must he preseryed. Both physioal and chemi- 
cal preservation methods are available. ^ 



has thawed 
thawing, Of 
_also be allow, 
temperature 



(1) Refrigeration: The best, short-term 
preservation method for serum (and the 
least likely to interfere with the test) is 
simple refrigeration at 4^0-^10^0, If separated 
from the clot, serum in tightly stoppered, 
containers may/ be stored at this tempera- 
ture for 2--3 days or longer. Serum should not 
be stored on the clot longer than overnight/ 
Since most serologic tests are temperature- ' 
sensitive, be sure to allow the serum to re- 
turn to the specified temperature before 
testing. For example, serum for most tests 
for syphilis must be at room temperature 
when tested. 

(2) Freezing. Serum can be kept nearly 
indefinitely if frozen at minus 20^C-70^C in 
tightly stoppered containers. The serum 



^ must be free of cells befbre it iB frozen be- 
cause they will lyse on thawing. In adHition, 
serum for serotests to be shipped to*othe^\ , 
laboratories is preferably shipped frozen iii ■ - 
dry ice. Care m\ist be taken to thorough ly^^ 
(but gently) mi^the serum for testing onc^^ . 

use it tends to sepai'ate on 
rse, the thawed serum must 
to_^^ain the appropriate 
foretSmng! 
(5) Lyophilization. Removing the water 
from sefum by ft^eeze-drying the seriim un- 
der high vacuum is an effective way ito pre- : 
serve serumv Lyophilized serum^a^ri be 
stored invtightly^ itoppered^w 
long penods^of time, especially if refriger- , 
ated. In addition, lyophilized serum can be , 
shipperf without refrigeration. The serum 1s ^ 
recoriistituted by simply replacing the appro- / 
^priate volume of water and gently mixing. ^ 
Unfortunately, lyopJ^Uization requires pow- 
erful vacuum pumps and other, specialized 
equipment, thus usually limiting the tech- 
nique to larger laboratories. The technique is 
usually not praqtieal on a smair ^cale any- 
way; ; ; 

b. Chtmical PreservotlQm Normally, chemi- ^ 
car preservatives should not be added to 
serum/that is to. be used for serotests. How- 
ever, serum and cerebrospinal fluid for sy- 
philis testing can be effectively preserved 
;with sodium ethylmercurithio-saliey late 
(Merthiolatfr,-Eli Lilly and Co.). Be sure that 
Merthiolate wilU not interfere with , test^ re- 
sults before 4his preservative IS usedi for 
other tests. Preservation is only by bacter- 
iostasis and does not prevent denatdration of 
antibodies by heat or other means/ Dry, pow- 
ered Merthiolate miast be used. Do not use 
Tincture of Merthiolate. Tubes are prepared; 
by adding 0.1 ml of 1% (w/v) aqueous Mer- 
thiolate. The tubes are desiccated oyer cal- 
cium chloride in a vacuum desiccator in the 
dark. The tubes are tightly stoppered anW 
stored in the dark, preferably in the refriger- 
ator where, they may be kept for= several 
months. This amount of Merthiolate inhibits 
most bacterial growth in 2-^ ml of serum or 
spinal fluid. 



3-6, InGetivation of Serum Complement. A$ de- 
scribed in chapter 2, the fixation of comple- 
ment in^certain antigen-antibody reactions is 
a useful serologic test, Hbweyer, tRe native 
complement in the patient's serum also inter- 
feres with several other serotests and must 
be inactivated before the test is performed, 
In fact, even in complement fixation tests, 
the patiertt's native complement must be in- 
activated' and a known amount of complex 



;merit a^ded to ^he^^^ On tHe btKe^ frand, 
i^ere ar^ certain tests that require 

tha preitince of-^ailHre icomplement, so follow 
eaiGh teat procedurfSi carefully ^^^i^ regard. 
If inactivation of the native compleniint is 
required/for a given: prpcedure, two basic 
inactivatioiT^ethods are available* Complex 
ment m©y be iiiactivatecl by carefully applied 
heat before the test or by certain chemicals in 
the reagents used in the test,* ' 

a. Hmmi lnQ€f|vsti#n of Cdmplarmnt/ Serum 
complement may be in^tivated by heating 
at 56^C for 30 minutes 4n a water bath or dry- 
heat blpck/ The serifjk mu be at room tern- ' 
^peratOTfe before^ 
ftiixea .if it was previously frozen. Be sure 
that the serum is eell-free because the cells^ 
will hemolyze at inactiyation temperatures; 
After heat inactivation^ the serum should 
normally be allowed to cool to room tempera^ 
ture before teiting. However, since Sofrte 
complement activity is regained on standing. 
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any aeru niu^that h as stood at roonr or ^f r ig- ; 

.^r$tor temperatures foi) longer than '4 hours'^ 
after inadtivation should be reheated at 56?C- 

.for 10 rhinutes and then allowed to reeool 
before testing/ Heat ihactrvation of plasma 
complemeht is im^actical because the fibriT 
nogen precfpitatesNDn heating. This preeigj-j 
tate must be removed before the plasma caif 
be tested, . ' ^ : c 



b. Ch#mi£sl Inaetivb^on ef ;€Gmpl#m0nt. 

Both ^erum , and plasma cpmpJerMnt can be 
inactivated efficiently by incorporating cho- 
line chloride 'into the. test reagents. Since 
heating is" not^required, the fibrinog 
not precipitate from plasma, nor is the extra; 
time (30 minutes) for. heat inactivation re- 
quiredr With , choline chlpridei -the inactiya- 
tion fappareMly occurs^ instantaneously* At 
the present tiifnej choline chloride 4s used 
primarily in certain te^bts tor syphilis, which 
use ynheated serum ot^plasma. 
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Chapter^ / -'Z'^^.. -. 

FUNDAMINTAL SEROLOGIC FROCiDURiS 



4^1. Prtporstldn ©f Sal ihe. Saline is One of the' 
most frequently used reagents in serology*; 
Basically, saline is an aqueous solution offf 
sodium chlpride (NaCl), but there are many^ 
id ifferent conceri tB^y ons and ,modificaii6na in 
^ lijse so th(|^chn ici^ '^li^^^ jh.e^ 
>l^filfne ^^IjfeH -^^fecedure^ 

^ Some of the variation^ iftlSaline are as^ m 
mal as one p,pocfeCiure 'requiHng saline con- 
taining 0. 85 %/NaCl while ,a^ 
,^,Ti^ ay^^^s pec i f y 0.90%; Oth e r ^ a r i at ions are 
m'ore p^oriouncey. F^^ teats 
require saline that contains NaCl plus buff- 
#rs such as glycine or phosphates* Many of : 
tHese buffered salines are prepared to very 
' eritical specifications and ^pH/^ranges. F 
nat6Iy,; n^ost test kits provide the appropri- 
^ater buffered saline as part of the kit/The 
buffered saline iti these kits may be in 
aaueous form and ready to use or the donstit-^ 
uetits.may be in powder form and need :ib-be \; 
.reconstituted by t^e serologist. Although most 
types, of saline are available through supply 
charlnels^ two varieties of saline can be pice- 
pared economically in the laboratory because^ 
large quantities of these are used re^laiBy," ' 

a. i^o^iiifll^^pllny, (^.90%; Saline; containing 
0.90^ (w/v) NaCl is eallM ridrmSl or physio- ^ 
logical saline* Normal and ^hysiologicaU are 
-©Isb used^to describe 0.85,% salin^/Exqept 
the small difference in the a^^nt of JfaGl in 
each, 0.90% and 0.85% are essentiallv iden-. 
tifical and for practical purposes can be, used 

^interchartgeably. Saline .{0*9%) is available 
through noi;mal supply channels but may be ' 
'easily prepared in the febdi^tory. i; . 

(1) Drying the Sodium Chloride. Dry the 
NaCl (reagent grade) in a flai^Ha^en con-- 
tainer in a dry-air oven at 170%C ± lO^C for 
about ^/a hoiir. Do not overheat the NaCU 
Drying at llO^C for about 3 hours is also 
acceptable. Weigh th^ desired amount ^as 
soon as the container can be safely handled, 

(2) Preparing the Saline.-WeigH*%dcu- ' 
rately 0.90 g of NaCl for each 100 ml of saline 

^desired. Dilute the NiCl to thd- approipHate 
volume with distilled or d6ionized (deminer- - 
alized) water. .' v . 

b, Phe«phqt# Suffertd Sqlln#tPBS), pH 72i 0.l' TKis 
buffered saline is used in large quantities in the 
Fluorescent Treponemal Antibody-Absorptibri ; 



^ this PBS i 




V ^; 

jje V^Dremixed o^htimicate fqr 
mmerci^j^ rn powdei'- 



j ed forin.^J^e powdered mmt u re reqi^irfes .p n ly a 
single weighing before recOTstitutiori^^o^s^^ 
^ this PBS can also be prepared economwally in 

the ' laboratoiy from the basic ingredienjti^. 
^^^^:::^'(ir^ryirigii^^^^^ 
arid ]EH^PG4 for about 2 hours at lOO^C-llO^C 
in a; dry-air ovleh;^ Do not dry^ phosphates 
containing Water of hydration. Dry only an- 
hydrpus phosphates and dq not exceed iOO^G 
withsthese/ ^ 

-■C2) Weighing the Reagents. Weigh accu- 
: rately the following reagents for each liter of 
IPBS reduired. , 

Mann I V : ^ ^ ?.fi^cp 

^ /C8) Preparing the 19BS. Dissolve thfe salts 
aritfldilute to the appropriate volume with 
freih or recently boiled distiUed or deioniz.ed: 
(derrtineralized) w4ter. Determine the pll of^ 
the PBS on a pH meter. Lots th^t do not fall''* 

.Vilthiri ± 0;i^6fpH 7.2 should be discar^ed..^^; 

■ C4XvS^%e of irt, 
tightly stoppered pg^ethy^^lene or high-qual- 
ity glass cQntainer preferably iri the refriger- 

* ator. Be Bure ttf allow an aliquot to warm to 
room teraj^e^ature before pipetting. 

4-2; P^perln^ Red lilddd C#II SuspentiQhs. Sev- 
e);^l seroteits use suspension of erythrocytes 
(RBCs)'as antigens. DependingTon the partic- 
ular serotestj these celli may be irom man or, 
from, animal|, ; usually rabbits or sheep. In 

..,Mditi6n to afspecific ani^mal source, l^or the 
erythrocytes,. the cells for each serotest must, 
be of a specific blood group and concentra- 
tioftT--usuailyjfrom 8% by volume. Too 

; many cells (Antigens) inrthe Ibest-could result 
in ^ weak , react ion due to^ the postpone effect 
(antigen excess). A weak reaction could also 

^ be produced by too few cells' being used-r^^ 

;prp^onfe effecji (ajitibody excess). 'Another im- 
portant factor is the age ^o^he RBCs,'There- 
fdre, the serologist mu^t be able, to prepare 
accurate concentrations of RBC suspensions 
from cells of the^proper age andMpod group 
as well as from the proper-animal source) 
a;. Ceilgctlng the ^lloed - .Defending on thp 

;&himal source, either venous or cardiac 



mif. 



puncture^Iobd miiy Jbe used fd^KBC ii^ 

^sions fbr serotests: The bl6od':5&iai^;H^ 
f tBefibrinated or mixed witli^pifi:&nMbip^i^la^ 
^-^ut anticoagulant^ 4pre^ 
"^i; cells ara tq;^^#/^l^^^ftr significant periods 
^ bf titnej a priprt^al^^^^ 
f si^^D or J^0€ip^ should be used/ : v^; r 

.vJ^J^I Aeid-Citrate^Dextrdse (ACD). Digiplve 
^P^^^iurn i^itratej^ and J. 6 g 

■ ^dSxtrosa in 60 ml of water. Mix 1 part of ACD 

with 4 parts of blood/Blood collected in ACD 
: will keep for several weeks In the refrl^eta- 
. tor. Vacuum blood-colleetihg tubes contain- 
» ing ACD are available ;c6inme Blood 
^^^coHeeted"ih%0D^fbrrtrah 

for pertain serotests^ but be sure to u 
^ proper blood group and age of cells as speci- 
; £i©d in the test prbcedjare, . V 

(2) Alsever's.^utlon, Modified pH 6;ir- 

iodiuln citrate (dihydfate) 0.80 g . *^ 

^ Dextrose 2,05 g ^ ' 

- Sodium ohl^ O:^,^ J ; 

Diatilled water, q.s/ tb^ , , 

: Adjust the pH to &1 wtbh. 10% (w/v) . citric' 

acW, Mix%4ual^^^^^ 
; ^^IbiiS cdllecte&'iW'^^A^ solution will 

fi 'ikeep sfeyarW wee^ 

. .. \ 
" (1) Determiiie the tpt^^^ volume of RBC 

suspension required for the number of testi 

to-be performed* 
' (2) vCaJdffldtig 4^ of 
^ " packed* RHGff required, ta prepare this tot at^ 

.¥plume of ihe required concentration of cell;^' ^ 

by usinff the following formula: 

" Packed ;eeir Volume - . / v- ■ v^v ■ - 

" , ■; Total volume required x % 'desired' 

■ ^ / - ;iOO% ' ■ ■ '. ' '■. - 

^ EXAMPLE: Ifyo^ need 75 nir of a 




Packed cell vorurne 



;75 ml 



. . 100% 
100 

L5 ml of packed cells neededJ 



(3) Put quantity of blood ^t lea!st three 
times the required packed cell volume In a 
gTaduated centrifuge tube* The actual vol- 
ume /Should take into consideration the 
amtount of antico^ulant in the bldpd* 

(4) Add about 10 volumes of normal sa- 
Mpe ,^d mix gently, Gehtrifuge at 1500-2000 
rpm for 5 minutes, i ^ 

(6) Uiing; a^ucet filter pump (Kichard^s 
pijmp);,dr similar deVice (see. Figure 4-1),'' 



Figuf© 4— 1 / 
Filter Pimip, 



Aipiratldri of Sypernste, Wifh. o .Faufet 
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siphon off the supernatant fluid and the. 
bui^ coat (white blood cells). ^ , ^ : 

-^^03^iuspji^d ^he RBCs in ^bout 10 voU 
umes' of saline and^repeat iteps 4 and 5^at 
-lemst two mbre^'timeSi: The ivftshing ls,Jpe- 
peated until supernatant' "is clear (not blood- 
tihged). Usually about three washings is ade- 
^^ quate. Cells that must be washed more than 
five times to produce a clear supernatant 
should be discardied and fresh blood collected 
and washed^ 
. (7) At the last washihg, centrifuge the 
;J;iJi^lli for .1^^; minutea to pacjc themYfirmly, 
Before rerridving th^^j|^natanti r)6feb^%he 
volume of packed cells and then carefully; 
remove the supernatant without Histurbing 
„the cells. Resuspend the celli t& tj^e de^^^ 
concentration losing the^;diluent specifiiHin" 
v^ th% procedure. . * 

NOTE: Althbugh normal saline is ^ed to 
wash^he cells, the final suspension must btf^ 
made with the diluent specified in the prp^^!^ 

c. Rasuspendlng tha Wsihe^f Padiifd^ Cells: ' | 
(1) Calculate the^total voluWie of RBC 
suspension that the acquired packed cell vol- 
ume will prepare by usirig the folloivfhg for- 

. mttla:. ... ; 

98: ■ 



Observed packed 11. vol urn© x 1.00% . / 
Desired % cell concentratiort ' 

EXAMPLE: of packed cells have been prepare<l 

■ and at" least 75 ml of a 2% RBC suspension is requiredV 
the' 2.o'mI of packed cells will make the foUewing tatui 
vplume^ - ^ . 'V"^i . 

- ... ■' — V **^' 0=5 ml 5< 100% . ; 

Total YQlifme^ 



2% 



ml. 



125 ml 



(2) Galculafe.the. amount of di^ent to . 
add to the paQked^c^ls as follows; ij '- / 

ml diluent to add M r 'w'i ' ' 
Total.ypkime that pa^ 

^^i^'* * - ■ ^ (minug) packed cell volume, 
EXAMPLE: In the example started above> ^ 
ml diluent to add^ 125 ml - 2.5 ml v. 



i 



Thereforej the requirements of the^hypbthet- 
ic|l ser6test,th^t^r%aeds 75 ml of a^^- RBC 
>^^spensjOi^;'^^iMfc^ with some RBC sus- 
pension to spare. V ^ / 

* ^d, OjLJtline for Fftpsnng RBC Suipenslam^ 

' (1) Collect the blood (see paragraph 4-2a). 
(2) WasH' the RBCs at ieast-8?time| with 
. normal saline after first performing tMe fol- 
lowing: ' 
, I (a)*Petermine the totar volume needed^,^ ^ 

(b) Calculate the^ minumum volume of 
. packed cell^ that will yield' desired con- 
centration and total'vorume (see paragfapii 

i^0'^m^i^m ^^Bt washing firttiiy^aik the ■ 
efeTlsjff^^c^i^^ volume; and 

caremtty VerKbved the $uif5e^riataht; ^ V ,^ 
' (4) Calculate the total volume of RBC 
suspension that can be prepared from the \ 
actual packed cell volume of washed cells 
(see paragraph 4-2c)p # ; 

(4) Subtract the: packed cell vblume froTA 
:the:;tptal:,v (see para-^ 

graph' 4-2c), " ; / y' - . 

(6)J;Resu§p^nd:^the^"p ^cells; m.:.^i^>. 

;appr0p^ijate/;dilue^^ susp^niiori ' ; 

tA' the desired concentration (see paragraph 
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a. Significance Qf ltrml D^ desdifitbd"'^ 
, in chapt6fr:2i' ya5pagraph^a-7,;the^^^^ 

cal m(it&^ thsft^thf 
:^^;:|br^trti^asjiririi^ is to 

';^jd6^m'min«^ 

.^^^eru TO against a\|iiren^Atigen / Howe tor 
K-^;det#mine this antibody jiter/the serologist 

m first maka a planned, progressive' dr. 
V 'setial dilutfen th^^ serurh in some diluint, 
, such as saline' These serial diluUorijs ;eaii be 
; performed using pipets or with th^&^nici^ti- 

tration equipment described in chUpjjft^ 1./ 

l^in^e for uMrig pipet test tubeS. Micro-. 
; '-€itFation-te^^^^ described in 

- . chapter 14.^:-;,; ' ■ "-^i^f ; ■ \; 

(1) To prepare a. serial dilution using^ 
pipets and t%t tubes, diluent is ^dded tb a'C 
. series W tubes and then a measured sample,- 
of serum is! transferred successively froni\ 
tube to tube so that; each tube contains prp^ 
gresfiyely smaller amounts of sirum, After, 
the serum has been diluted, the next step is 
usually , to add somie of an antigen ^uch as an; 
RBC suspension) to fach tube and record the 
.highest dilu^n iof serum tbat still gives a 
specified antigen-antibody reaction, ^he 
serum dilution usually is figured to Incf^He. 
the added antige.ri, too- The reciprocahof this 
highest serum dililtion is the TITErt of that , 
particular serum against that particular an- " 
tigeUv For examplel tf the highest serum.; 
dilution to react to the extent specified in #ie 
test" procedure is 1/640, the titer would be. 
reported, as Positive-- li04O ^gainst that anti- 



gen, 

(2) Although the antibody filter of a 
serum is not an i£bsohl% measure of the 
antibody content of the ieifum, the titer does 
, proyide a useful m^heniaticak base for cer^ : 
tain serotests. Even the titer3f a|;&lngl^ 
serum^mple cojald be diagnostic if tftrtiter 
is higbf r than usually expected. Or a disease 
: in gu^stion might be ruled out^ if the serum 
had no titer or a very low one^ However, the 
best use o^^ntibody titers is when a serotest 
is performed oh twQ..|:^rum samples fro ni the 
' same patient. With 'iwa^ s^niple^ collected' 
several dayijor weeks apart, a rise fnl^titej^Jt^ 
' the second would be mo^t significant. Artum- 
ing that the patient, had npt been immunized 
recently, with the aptigeri under study, ft,'ris^ 
in titer would most likely iridicate the pref 
ence of active disease or at least.receht dis^ 
ease/ = _ v " . •." \ 

; (3) Serial dilutions .are .also very useful 
for detecting prozbne (antibody iekces^^^^ 
tions^rin serotestsJ Sometimes undijuted 



.... 
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serumjgiyes drily a tety weak re = 
/When the test is perforrnecl on ierialt^ 
lUte^/^OTuni, ah-pptimum pr6portioif:Qf antH^ V 
. ^ g^n ic BLXxtitm^^^m at some. 

^ higHAi^^gipm dtluti^ stronger reatc- . 

=ti<TOS^t^tf ^fiah w ' . ^ 

'ip^^zy^-(0 ^ot ftll serial dilutibnSfare liniitfed to 
vi^rum. Cerebrospinal fluid is used in some of 
'J 1016: s0^!Tve test^ as serum. Ah' example of 
y^tnaking a serial dilutiph of an antigen is thi^ 
V; ' assay of human chorioriic gonadotropin 
t^t'(HGG) in urine. In two conditiQns, h^atidi- : 
' -'^fDrm mo-le and choriocarcinoms, the^alnfiqu^ 
jo t H C0 JjD ? 

^ during p^^nancy. So the^^e^olagi^^^tei;^^^ 
mines theater of an antigen (HCQ)an;tive^eV; ^ 
diseases usin^ antibodies (anti-HCG) "tliktjf^ 
b^ve been prod ui^y in rabbits. ^ r 

bi Types of Sarial DriuHdns. Most serologicv^ 
/ tests are .d^Bifn serial dilution 

7 . of serum, ^ if required, foHows: a relatively : 
^ simple pattern* One of the more common v 

dilution patterns has the serum diluted in 
- half in eaeh'SUGceedirig tu|)e of the seHes* 
This pattern is called a twofold dilution. 
Other tests oall for fourfold dilutions. . 
. whereih each succeeding 'tub^':c1drtt&i^ 
\ fourth aS J^^ as the prededirig tube. 

A tenfold dflution Is used in still other tetts.^ 

/(I) Nearly all %eV^^ tests in, this man=V^ 
ual us6 twofold serial dilutitffts. However, tt^e'i 
' serologist may modify a tvi^dfold dilution-to 
* obtain just about any . dilution sequen^^;h^ v 

wants. He dci>%S:^this^^^^^ making a prelimi^''aty 
. dilution of the agru%^^^ he starts the 

rserial dilution. For fkarftple, if . he made a 
preliminary diltitioh of the serum of. pne-to- 
ten-^lilO) and thfen started a twofold dilution 
of ^his, the second tube would have a dilution . . 
- ^ oC 1:20; the third et ceter^. By varying 
^ thie starting point of a simpfe^^wofold serial 
dilution a nearly unlimited variety of dilu- 
tions can vb0 achieved. , 
(2) Unfortunately, .not all serologic tests ; 
, / use simple sertal dilutions. The antistrepto- 
lysin-0 (ASO) titer (see chapter 0). is a^good. 
exampla of a very complex serial dilution , 
technique. Tn one^ modification of the ASO . 
't^tec, three different preliminary dilutions 
§re hriade. In a met hdd for d#|er mining the 
titer of ljUinan chorionic gonadpttppin (HjQG^ 
(see chapter 13)^^th€ serial dilution of urine^ ti 
starts out as tenfold and then switqjies in, 
midseries to a fivefold dilutlbn. ^Conse- 
quently, the serologist must be sure to ^Uowi; 
all 'Serial dilution /procedures carefully buff 

' t especially these c.ompljex ones-. • 

fe, Ptrfofnilng a Typkal Seriql *^Diluti©n,^^rri this* . 
manual , most procedures that requiie .serial ■ 
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dilutions wiU ;beflpr ■ 
with the major steps.^lsb outlined diagram- 
rni|tically in a table. The exarfiplei given in 
thi^ chapter will be similar to those used 
thjroughout the manuaL [.r,. ■ 

( 1 ) P r elimi n a r y S t e ps * B e f o r e s t a rt i ri g 
the seiual dirutloh, exaiiftlne the test proce- 
dure and a^sehible ^N^Jequf^hient and re- / 
agents required; Special attention should be ; 
p^id to the fpllowin^ifl a, ; * / - 
v(a) Water batntf^r heating* blocks; opft 
eratir^ at the p^per temperature. 

■- ( b ) 'Test, t u bes ; clean arid of . ap e c i f i ed 

;i-J:vv^^G) Pipits^ generally thQ smallest u&a-r^ 
Aj:l>Ie?f i^. ' ' ' ■ w 

te: ^ ^ MXd) Diluent; saline or modification^ as 
specified. = 

(e) Antigen suspension; prepared; as 
specified and at this specified temperature 
before use^ / j ;/ ' 

(f) Serum or other specimens; fresh or 
inactivated as specified. For frozen serurm 
be sure it ig thawed, mixed gently and al- 
lowed to waMli tg^Qflfti^ temper ^ besfore • 
in^ctivaiioh. Ms^;;b#;W are • 
at room temperatortf\blfo^6^ ■ 

; (2) Procedure, 'Examplef vi^/ ^tiJ^ 

(a) Place seven test tubes t^i^^^T^nini 
in a rack. ^ Label the first tub^i^iJfi ' the ^ 
patient^s name, et cetefa,-and number each 
tube consecutiyely. Some test tube racks 
have nihiibere^f alpts: so if the test tubes do 
riot have to b^j^nifived from, the rack during 

. t h e t e p t , . 0 n 1 y vth ei ' fi rs t tub e n e e d s t o be- ' 
labeled. HoWeyftrf a good habit is to label* all 
tubes, if practical, y . 

(b) With a 5 ml serolo^gicai pipeW used 
with the poiht-to-point technique or with, an 
.accurately calibrated, syringe-type auta-; 
matic pipetter, put 0.5 ml of normaj^^alifte in: 
each tu^ ^ ^ ' . . i^fef S;'^-'^'*' 

' . (d): fti a separate test tu]|fj;i;TnaKe . a \ 
preliminary 1:5 dilutioi^of freslf;S^um (not^^ 
inactivated) by adding C\2 ml serum to. 0.8 
I ml o/.ii6rmal saline, Use\,separate pipet for 
each' reagent and the smallest, usable siM. 

(d) With a 1.0 ml serological pipet, mix 
the contents of the preliminary 4:5 dilution 
of serum by carefully sucking the njlxture 
into the. pipiet and then gently blowing it.,., 
batk intp: the: test tuberRepeat the mixing at. 
^least, 3 timei; ^Ut' dm not create bubbles in 
t h e m i X t u r e , . A f t e r mixing, suck s ligKtlyic . 
more than 0.5 rtj of mixture into the pipet^ 
and lower the meniscus exactly to the 0.5 ml 
mark. Remove droplets on the t^ip of the pipet 
by rubbing the pipet ar6und the^lT^evQf the 
test tufefr/as the; p^e,^^ is wlth^ra#rtf The '; ' 
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pipet is not wiped dry as it would be in 
normal pipeting technique, ' 

V (e) Transfer the,0;5 ml of 1:5 dilution to 
the first tube and blow out the last drop, 
NOTE: For greatest accuracy, this pipet 
should now be discarded and a new , pipet 
used to mix and dilute each tube. However, 
for practical purposes the same pipet is used 
throughout the serial dilution. The impor- 
tant considerations are to be consistent and 
at the same time -try to reiiiove as much 
external fluid as possible fro'm the pipet as it 
is removed from each tube, 

(f) Using the same pipet, mix and 
transfer 0.5 ml from tube #1 to tube #2 and , 
repeat through tube #6. After mixing,; dis- 
card 0.5 ijil from ^tub# #6. Tube. #7 is the 
Antigen Control and does hot receive ariy 
serum. 

(g) Examine the fluid le.vel of each 
tube. . Each should have 0.5 ml if the serial 
dilution has been performed properly. 

(h) Add 0.5 ml of antigen, such as a 
bacterial or RBC suspension to each tube 
including #7. 

\ (i). Incubate the tubes and read the 
reactions as specified for the particular pro- 



cedure. The preceding procedure is pre- 
sented diagramnuiticatly in table 4=1. 

d, Cakulatmg the Titer. As defined, the anti- 
body titer is the reciprocal of the highest 
serum dilution that still gives a positive anti- 
gen^antibody reaction. Unfortunately, this 
definition must be qualified because some 
tests have been designed thfit included the 
addition of the antigen before figuring the 
serum dilution while other tests use the dilu- 
\ tions before the antigen is added. Therefore, 
be sure to follow the system used for each 
given serotest, 

(1) The serum dilution of a given tube is 
most easily determined by considering the 
ratio of serum to the total volume in the tube 
as a fraction* This most easily accomplished, 
if the numerator is converted to one. For 
example, in the preliminary dilution made in 
the sample serial dilution given in paragraph 
4^3c(2), 0.2 nil of serum is mixed with 0.8 ml 
of saline iFor a tbtal Volume of 1.0 ml. The 
(lilution of serum is 0.2 ml serum/1,0 ml total 
volume which is proportional to 1 ml serum/5 
ml total volume or a 1:5 dilution. 

(2) Once the dilution of the preliminary 
tube is known* calculating the dilution of 



Table i3campl€j Typical Sarial Dilutlan Procedure. 



Tubie Exampio, Typii/al ^tyrial Dilution PrQc-eduro.'* 
Tube Number 



Saline, ml 



aerUiHj ml 



Dilutidn After 
Tran^fof 

y\pp rop r l ute 
Ant i i| e n H u h = 
pens i on , ml 

Total 
Volume i 
ml 

Final 

Dilution of 
Serum 



0 . 5 

mi 



0. 5 



1 :S 
(From rfop- 
a rate tube 



1 - 10 



0.5 



1 ,0 



1 -20 



0.5 



0\l 
ml 



1 : 10 



1 : 2C 



1 . ( 



1 :40 



0 . 5 
ml 



0.5 



W 

0,5 



0 ! 
. ml 



0,5 mi 1 1 i 1 iters of: 



1 :20 



1 :40 



1.0 



liBi 



1 ;40 



1 -ae 



0.5 



1.0 



1 ; 160 



0.5 
ml 



0 . S 



1 : 80 



1 : 1^0 



0,5 



1 ,0 



1 :320 



Di scard 
n. 5 "ml 



0.5 



1:160" 



1 :320 



1,0 



1 :640 



0. s 



Nn no 
( o n t r 0 r 



0,5. 



1,0 
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Other tubes in the series Is Bimply ' a matter 
of multiplying fractions and can usually be 
performed mentally. For example, from the 
example in paragraph 4=3c, a twofold dilu. 
tlon is made starting with the preliminary 
1:5 dilution. Therefore, before the antigen is 
added, the serum dilution in the first series 
would be: 



or.l-.lO 



After an equal volume of antigen is added," 
the final' dilution of serum in the first tube 
becomes: 

Vio X V2 ^ -/^o or 1:20 ^ 
Each succeeding dilution can be calculated 
in this fashion but be sure to check the test 
procedure for whether the antigen is consid- 
ered as part of the serum dilution or not. 
/Another important step to remember is to 
always represent the serum to total volume 
ratio as one part of serum to whatever total 
volume exists; then the reciprocal of this 
fraction will be expressed in the proper term 
for reporting titers as one part of serum in 
some total volume, such as 1:640, 1:1280, et 
cetera/ ^ . 

4^. Reperting Results Serolegie Testi. As SOOn 
as practical after the completion of. a sero- 
test, the results should be recorded on, the 
patient^s laboratory slip and dispatched to 
the appropriate office. The proper way to 
report the results is provided with each sero- 
test in this manual. However, there are cer^ 
tain general principles that should be de- 
scribed. ^ 

a Tests WithQut Serial Dilution. Several sero- 
te^ts do not require a serial dilution as part 
of the test procedure. These tests are usually 
reported simply as either POSITIVE or 
NEOATP E-However, a variation ot the pos- 
itive-negaLive report is used with tests for 
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syphilis. Syphilis tests are reported as either 
REACTIVE or NDNREACTIVE. 
. ' ■ b. Tests with Seridl Dilutions^ 

(1) Positive (Reactive) Tests. Positive re- 
sults from tests involving s-erial dilutions 
ui-e usually reported as positive (or reactive) 
followed by the titer. For.example, a test 
result might be reported as follows; Posi- 
tive— 1;20, Pos^titer 1;20; or some sihiilar foi; 
mat. CAUTION: Before reporting any titer, 
be sure that the test has bee^ read as speci- 
fied in the test procedure. This precaution 
must be emphasized because many serotests 
specify some degree (stVength) of antigen^ 
antibody reaction on which to base the titer. 

. Usually the reactions are ratecl from 1 to 4-h 
with 1+ being a very . weak reaction. and 4 + 
the strongest possible. Using this system, a 
given test procedure may specify that the 
titer is the highest dilution of serum to give 
a 2+ or greater reaction. A 1+ reaction 
might be reported as BORDERLINE so be 
sure to follow the procedure in determining 
the end point of a reaction. 

(2) Negative (Nonreactiva) Tests. D 
NOT report a serotest as NEGATIVE if none 
of the tubes in a serial dilution show a reac- 
tion. The best way to indicate these results is 
to name the antigen and indicate that the 
reaction may^have been at some point below 
the lowest serum dilution used in the test. 
For example, a report might read: Sitlmof 
nelUt typhi H^less than 1:20. This report 
would indicate to the physician that a 1:20 
dilution was the lowest serum dilution £ested 
against that particular antigen but does not 
rule but the possibility that a 1:5, 1;15, or 
even 1:19 dilution might have reacted/ The 
fact is that these lower dilutions have not 
been tested so it would be unfair to suggest 
they had been tested by calling the results 
negative. Each test has been designed so 
that titers less than the first tube of the 
series are usually insignificant but unless 
they are tested they should not be reported. 
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AGOLUriNATION TiSTS TOR FIBRILi DISiASiS 



5^1 . . ilgrijfrcQnc© of Febrile Aggrytinlns. , Al- 
though direct diagnbsis of infectious disease 
by isolating and identifying the caiftative 
organism is usually ttie ^^ferred met|iod; 
this is ndt always praaticalj-pr even;f>ossible. 
For example, is'alation of the organism may 
be difficult, especial^ if the clinical Bpecimen 
is doUectad late in the course' pf thfe diseagfe 
or after antibiotic therapy has been initi- 
ated. In certain other diseases, such as the 
rickettsioses, the organisms normally could 
not be isolated and identified in time to 
benefit the patient. Fortunately, however, 
several febrile diseases, such as certain bac- 
terial and rickettsial diseases, stimulate the 
body to producjg'" agglutinating antibodies 
Xagglutinins) against the. causative bacteria 
or, in the case of rickettsial diseases, against 
antige^ically related bacteria. In some of 
these febrile diseases, bacterial agglutinins 
appear in the blood early enough in the 
disease to^be of practical diagnostic value. 

a. Jo detect bacterial Agglutinins^ siispen^ 
iions of known bacteria (usudriy acquired^ 
commercially) are added to the serially di- 
luted serum. After mixing and incubatihg as 
prescribed in the test /procedure, a macros- 
topically visible agglutination (clumping) of 
the bacteria occuirs in mixtures containing 
an optimum proportion of bacteria'Cantigen) 
and agglutinin (antibody). Usually each 
serum is tested against several different bac- 
terial antigens as a battery because so many 
of these so-called febrile diseases have simi- 
lar symptoms. Several combinations of fe- 
brile antigens are ayailable commercially in 
kit form, The agglutinin titer .against each 
antigen used in the test battery is reported 
to the physician. 

:b. The /ebrile agglutinin titer of a single 
serum ^^am-ple rarely provides the physician 
with conclusive evidence of inaction by* a 
given organism, but the information might 
help him to initiate therapy. However, -in the 
absence of recent immunizations, a rise in 
titer on a subsequent serum sample provides 
the physicain with at least indirect evidence 
of a clinical or subclinical disease caused by 
the test organism or some antigenicall^re- 
lated organism. 

c. The fact that antigenically relatied orga- 



nisms arid inimunizations can stimulate the 
yroductioh of febrile aggluffriins identical to 
those detected durirtg actual disease consti- 
tutes one of the main limitations in using 
data from these4es,ts. Therefore, the pa- 
: tient^s complete histbry (immuhizatiofis,"paVt^ 
■\ infections, and so" forth) must be considered 
befq^te, drawing conclusions from test results. 
Another limitation on the usefulness of these 
tests is that the time of appearance of detect- 
able levels of agglutinins in the serum varies 
with the causative organism, the patient's 
immunologic status, and other variables -At 
other times, no agglutinins are ever pro- 
duced. This variability is another good rea- 
son for using a battery of antigens on serum 
collected every few days, usually from 3-7 
days apart. Eventually a'significant rise in 
titer against one or more of the antigens 
may be detected. Even with these limita- ^ 
tions, there are several febrile diseases for 
which bacterial ^glutination tests tare the 
' most practical tests available to the average 
clinical laboratory 

■ \^ d. Bddterial agglutination tests have been 
used in the diagnosis of stich (Mverse diseases 
as plague, brucellosis,^ tularemia, typhus, 
Rocky Mountain spotted fever, typhoid fever^ 
and others. For some of these diseases, 
newer tests (for example, fluorescent anti- 
body tests| have nearly replaced febrile ag- 
glutination tests. In addition, many of these 
diseases are rare in. the United States today, V 
However, because of the possibility of en^ 
countering the$e diseas^ with increased fre 
quency in other partp^ the world, the more ; 
common bacteriaj^^glutination tests war- 
rant inclusion inithis man^ial. . ^ 

(1) Widal Kiaction, The first serologic 
test used to diarriose human disease was for 
the detection^.of agglutinins in the serum of 
typhoid fever chses. These sera agglutinated 
suspensions oflthe typhoid bacillus, Salmo- . 
nMa typhi, T^s reaction is the so-called 
Widal reaction-earned for one of the early 
discoverers of t^s phenomenon. As cur- 
rently used, the Witf^reaction is a general 
term for agglutinatioivtests for all salmonel- 
loses, including typhoid and paratyphoid fe- 
vers. ■ * 
(a) Most salmonellae possess, two types ^ 



of aiitigens—b (somatic) and 'H (flagellar)/ 
The 0 antigens are usually prepared by ex-, 
tracting bacterval cultures with eitWer 
phenol or alcohol. This extraction preserves 
the 0 antigens and ^afestroys the H (flagellar) 
antigens at the same tim^. H antigens nnay 
be prepared by extracting cultures of motile 
salmohellae with formalin, which destroys 
the 0 antigens. Both types of antigens are: 
available commercially for several groups of 
salmonellae. ^ , 

: V (b) The 0 antigen^V are: especially um- 
, portant because the titer ' ol^D agglutinlnB 
rises earlier in the ^disease and then drops 
faster than H agglutiTiihs. Testing for H 
agglutinins is uspally unimportant because 
titers are slow M fise in a diiease and then 
add to the confusion by retriaining elevated' 
for several years. Immunisation also results 
in elevated H agglutinins while 0 agglutin- 
ins are not affected as much. Unfortunately, 
however, ill any manufacturers still custom- 
arily include H antigens in their febrile anti- 
gen kits so some discretion .mlist be used by 
the serdloRist in selecting the antigens for 

his test battery. _ 
^ (c) Currently only about 20,000 cases or 

salnionellosis are reported in the United 
States each year. Most of these cases are due 
to salmonellae of Groups B; C,, and D 
with Group B being the most frequent. Only 
about 400 cases of the jTiost severe salmoneU 
losis, typhoid fever, odcur each year in the 
US. Other groups of salmoneilae are more 
prevale'niJn other countries. Therefore, the 
serologist must %lip consider the pri^al%Kit 
strains for each gi^fen locality in selecting his 
test antigens. . . ^ 

(2) Weil-Felix Reaction. Some of the rick- 
ettsial diseases stimulate the production of 
bacterial agglutinirtp^ against certain nohmo^ 
^tAle Proteus OX strains, This is referred to as 
the Weil-Felix reaction. This practical appl^ 
cation of cross-reaictivity . has proven useful 
because rickettsi^pe requi re special tech = 
niques, such as animal inocul^tmns, to isq- 
late the organisms. Although fluorescent an- 
tibody and other serologic techniques can be 
used for the serodiagnosis of certain, rickett- 
s[al disea^s, the average clinical laboratory 
. ^ still mak*^use of Profrifr agglutination- tests 
for these diseases.' Three strains of Protem 
are commonly used as antigens. They have 
been designated ProteuH, 0X^19, 0X^2, and 
. 0X=K. The production of agglutinins agamst 
these three strains varies from disease to 
disease and ev^n from patient to patient. 
However, at tiriies the agglutinins may be 
detected in the serum just a few dap after 
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th:e onset of disease/ so these tests have ^ 
•proven very useful. - ^ . ^ 

(a) Fortunately, very few cases of rick- 
etisioses occur in the US today. Only about 
3ffd*-4b0 cases of Rocky Mountain spotted 
fever and 80 cases of endemic flea-borne 
(murine) typhus occur in the US eaph year. 
No epidemic louse-borne typhus, the disease 
.that has decimated armies, has been seen in ^ 
the US for several years. However, rickett- 
sial diseases^are more prevalent in other' 
parts of the world, expecially muririe typhus : 
aRd scrub typhus ttsutsugamushi fever) in 
Southeast Alia, With" the declining use of 
chlorinated hydrocarbons (DDT and others) 
as insecticides, rickettsioses might be ex^ 
pected to. increase in- frequency as their ar-^ 
thr^pod vectors increase in numbers. 



(b) The variable production of Proteus 
agglutinins in rickettsial diseases makes in- 
terpreting the results of the Weil-Felix reac^ 
tion a difJicult 4ask. First of all, the reaction 
is not seen with all rickettsioses. In addition, 
certain diseases besides rick^tsioses may 
stimulate the production of Proteus agglutin- 
ins/ These false positives must also be con^ 
sidtered In differential diagnosis. The usual 
WeiUFelix reactions against the three Pro- 
f€UH strains in ea^ch rickettsial disease are 

shown in table^^i^ ^ . ' ^ . . 

(2) Brucellosis-Tularemi^ Agglutinins. 
Two other bacterial antigens that may be 
included in febrile agglutinin batteries are 
somatic (O) antigens of Brucella abQHn8_^nd 
Frayicisella ( PaBteurella) tularenais. Both 
brucellosis and tularemia are relatively rare 
diseases4n the ISS with only about/200 cases 
of each reported per .year. However, these 
diseases must be considered when undi- 
agnosed febrile diseases occur, ^ 

: ' (a) Both of these diseases are difficult 
to diagnose by bacteriological methods. Even 
if an organism is isolated, definitive identifi- 
cation is still a time-consuming project. Part 
of this prbblem arises from the relative rar- 
ity with which, tWe bacteriologist fencpunters 
these organisms. Therefore, most eas^s of 
brucellosis and tularemia are detected serol- 
ogically. 

(b) The strain of Brucella abonus u^ea 
as the febrile antigen will detect agglutinins 
produced against all three species infecting 
man, namely,^. Euig and B. melitensiB as 
well as B. dbortuR. In addition to this across- 
reacttvity, significant cross-reactivity is seen 
between Bruce and Francimlla and vice 
versa. Consequently, titers using both anti- 
gett will have to be performed in order to 
obtain more defiriitive information on the 
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Table fi-1. Weil=Fulix ReacUonJiMn Rickettstal Diseases 
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Table 5^1. Weil-Felix Reactieni in Rickettsial Diseases; 

actual disease agent causirfg the antibody 
"production. * ^ )^ 

e. The acliial selection of the antigens to be 
used in the febrile agglutinin battery must 
be made by the' serologist. This ^election 
must take into consideration the disease 
prey-alence of the geographic locality of the 
patient's history and symptoms as well as the 
availability of the antigens/ Table 5-2 lists ^ 
some suggested antigens for use in the US, If 
the patient has recently traveledjto the Far 
East, Salmonella O Group A and Proteitg 
OX-K should be considered as possible addi- 
tions. Travel to other parts of the world may 
suggest additional modifications of the bat- 
tery. , ' . _ , 



5-?. Slide Test f@r Nbrile Agglutlnini: 

a. Principle. This te.^t should be used for 
screening purposes only. In the test, a heavy 
suspension of known bacteria is added to a 
series of measured small quantities of serum 
on a slide. Macroscopic agglutination of the 
bacteria indicates the presence of agglutin- 
ins in the.serunii Although the quiantities of 
serum placed on the slide have Jbeen corre- 
lated with the serum dilutions used in the^ 
tube test, for most accurate results, the tube 
test should be performed on all positive — and 
especially weakly positive— slide testSi Only' 
corhpletely negative "(that is, less than 1:20) 
results should bet reported solely on the basis 
of tha slide t€kt, - 
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Table 5^2. Suggeittd Febrile Antigens fer Use in 
the Continental US* 



b. Reagents and Equipment: ' 

(1) Febrile antigens, slide test type 
(available in kits or separately). See table 5-^2 
for iuggested antigenS"to use. 

(2) Pbsitive control sera (available com- 
mercially). 

, (2) Clear, fresh (unheated). patient's 
serum. . > 

(4) Glass. plates, 3" x 5^' or larger. 

(5) Pipets, Serological, 0.2 ml. 

(6) Wooden applicator sticks or tooth- 
picks, r - 

c. Preliminary Steps: 

(1) Allow the antigens and Wera to warm 
to room temperature before testing— about 
30 minutfs is adequate./Frozen sei^a must be 
thawed and mixed gently prior to testing. 

(2) With a marking pencil, rule off the 
glass plates into T % IV2" blocks. Five spots 



5^4 
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(blocks) will be needed for each antigen with 
each serum or control serum. ^ ' ^ ; 

^ (1) With a 0;2 ml pipet,Meliver.0,08, 0.04,: 
' 0 02, O.pi* and D^OOg ml of Beni'm to a row of 
blocks on the slide. Touch the tip of the pipet ^ 
to the slide to aasure complete delivery of 
each aliquot. For^teater accuracy a O.^ml. 
pipet may be u^d beeatuse of 0.005 ml aliquot 
must be estimated when using a 0.2 pipet, 
Set up one row orblocki for each antigen- 
^serunt combination to be tested.^ ■ 

(2) Repeat (1) ^abpve for each cpntrol 

serum, - • ' • • ' • . 

* fy) Resilapend the antigen by , gently 
shaking the container until an even suspen- 
Bion is obtained. 

- (4) Add OM ml (or 1 drop, if a dropper is 
provided) of the appropriate antigen to each 
quantity of serum Iti a row and to the corre- 
* Bponding control serum row. . 

(5) Starting at the RIGHT (0.005 ml spot) 
and proceeding to the LEFT, mix each anti- 
gen^serum mixture thoroughly with an appli- 
cator stick or toothpick. Use a new stock for 
each antigen row. ALWAYS mix each row 

^ from lowest (right) to highest (ieft) serum' 
quantity to minimise carryover of serum to 
the next spot. As an alternative, a new stick 
may be usfed to mix each spot. 

(6) Rotate and tilt the plate by hand for S 
minutes (or as indicated by the antigen man- 
ufacturer) over a light such as an Rh typing 
view box. Do not heat the mixturaa with the 
li^ht. Read the agglutination immediately at 
the end of the 3 minutes. Read the reactions 
bf the coritFol sera first to check the sensitive 
ity of the antigens. The slide t^t. procedures 
i^ shown graphically in table 5-^3. 

e. Rapofting Resulti. If the control serarpro^ 
duce the expected results, report the pa^ 
tients' sera as follpWS! 1 ■ . 
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Table 5-4. Reqdingi of Slide Test for Febrile 
Agglutinins^ . * i 

(1) No agglutination— Less than 1:20. 
This is the lowest equivalent dilution of 
serun\ actually tested. 

(2) Agglutination— Ideally, these sera 
should be titered by the tube method^ how- 
ever, if this is impractical, each a.ntigen- 
serum mixture is read as indicated in table 
5^4^ .The endpoint is the least, amount of 
serum to produce a 2+ (50% agglutination) 
or greater. The equivalent dilution of serum 
is determined from table 5-3 is then re- 
ported as the titer. For example, if 0.02 ml of 
ierum produced a 2+ reaction with a given 
antigen while 0.01 and 0.05 ml reacted 1+ or 
less, the titer would be reported as 1:80 
against that antigen* ' . 

f, Seurces ©f irron 

(1) Antigens must be specified for slide 

test use. " ■ 

(2) Improperly resuspended antigen may 
simulate agglutination. - 

(3) Mixing the a,n4igent with Jhe serum 
on the slide frofri HIGH or LOWER dilutions 
with the same applicator stick may result in 
falsely elevated titers due to serum car- 
ry oyer. 
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Table 5--3. Slide Test f©r Febnle Agglutinins. 
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(4) Cold sera and antigens may result in 
weak reactions; 

(5) Failure to check weak or doubtful 
reactions by the tube method may result in a 
sighificaht antibody level being missed due . 
to the prozone effect. arudJe/to agglutmins 
frequently cause these proione reactions. In 
addition, when alNpots are positive, the tube • 
test must be applied to find the true titer of 
the serum, 

(6) Readings must be made immediately 
at the end of 3 minutes (or the time indicated 
by the manufacturer), because false^pos,itiye 
reactions may develop if reading is delayed- 

(7) Antigens may lose sensitivity dr 'be- 
come hypersensitive unless they are stored ' 
as directed by the manufacturer. The me of 
positive control sera serves as a check on the 
antigens. 



5^3. tube Test for Febrile Agglutinins^ 

a. Principle. The tube test uses a light' sus- 
pension of bacteria as the antigen-^usually 
prepared by diluting the shde test ahtigen 

^ Lhe dilute antigen is added to serially di- 
luted serum. After incubation as specified by 
' J^e antigen manufacturer, agglutination of 
the bacteria indicates the presence of agglu- 
tinins in the serum. The agglutinin titei^ is 
the highest:dilution of serum to give a 2+ (50% 
agglutination) or greater reaction. ^ 

b. Reogents and iqui^menti 

(1) Febrile antigens; diluted according to ' 
manufacturer's directions. See table 6=2 for 
suggested antigens to use. . , 

(2) Positive control sera (available dom^ 
mercially), 

V (3) Cl^ar, fresh (unheated) patients 
serum. . * - : . 

(4) Saline, Ojfe. 

(5) Water bathSp 37^C and 48^50"C. 

(6) Test tube racks, to fit water bath and 
tubes. V 

t (7) Test tube^ 12 x 75 mmj /■ 

(8>Pipets, serological, 1.0 ml, 5.0 mL 
c. Prehmlnsry Sfepsi 

(1) Allow the antigens and sera to warm 
to room temperature before testing—about 
30 minutes is adequate. Frozen sera must be 
thawed and gently hiixed prior to testing. ' 

(2) Determine the volume pf dilute anti- 
gen required and dilute the slide test aniigeti 
as directed by the manufocttirer (usually 
1:20 or;i:100). Be sure to use the diluent 
(usually saline or formalized saline) as specie 
ned by the a,ntigen manufacturen 

(3) Be sure that water^baths are at the 
temperatures specified by the antigen manu^ 
facturer. - 

= •■ ' •*■■ ■ ' , . 

.... ' 

■ ■ : : /. . ^^^^ 



(4) Place seven test tubes (12 x 75 mm)'in 
a rack for each antigen to be tested. Label 
^ch row with the patient^s identification and 
the antigen used> = 

d. Prpeedurei 

(1) Pipet 0:9 ml of saline to the first tube- 
and 0.5 ml to the remaining six tufces of each 
row. 

_ (2) With a 1.0 ml pipet, add 0.1 ml of 
serunvto tube #1 mix at least 3 times by 
aspiration, and transfer 0.5 ml of saline- 
serum mixture to tube #2. NOTE: For 
greater acouracy, this oip^t may be dis- 
carded and a new one usj^ for each tube. 

(3) Mix and transfer 0.5 ml to tube #3 
etc. Dtscard 0.5 ml from tube #6, Tube ^7 is 
the antigen control and receives no serurri 
This makes a twofold serial dilution starting 
with IrlO in tube #1. 

(4) Examine the tubes. Each should con= 
tain 0.5 of fluid. ^ ^ 

(5) Repeat the above steps for e^ach 
serum^antigen combination to be testedl As a 
timesaving alternative, a larger aliquot of 
serum may be serially diluted with 0.5 ml of 
each dilution transferred to the appropriate 
antigen row. , 

(6) Add 0.6 ml of the appropriate diluted 
antigen to each of the seven tubes. This 
makes the final serum dilution in the first 
t^be— 1-20, second— 1;40, and so forth. The 

^tube test procedure is shown graphically in 
table 6-6. , 

(7) Shak^ the rack vigorously to mix thb 
cohterits of the tubes. 

(8) Incubate tlie tubes according to the 
a.ntigen manuftcturer^s directions. Usually 
the. times and temperatures are similar to 
those in table 5-6. Some manufacturers may ' 
require a, refrigeration step after incubating. 

(9) At the ' end of the incubation period, 
examine the antigen controls (tube #7). All 
must be negative. The tubes may be exam- 
ined over a concave microscope mirror as 
shoM^'in figure 6^1. ' ^ ; ; ■ . " 

(10) Next, read the tests on tHe positive 
control sera. Each must render the expected- 
results. ' . 

(11) Finally, read the tests on the pa^ 
tient's serum. GENTLY shake the tubes to 
examine the agglutination. FloccUles of Hv. 
antigens; are relatively large and easily bro^i 
ken up, while O antigen flocgules are smaller 
and more difficult to disruptv Read the agglu^ 
tmation of each tube as indicated in table 5^* 
7, Report the highest dilutwi of serum to 
produce a 2+ or greater agglutination as the ' 
titer.^. / : * , • . //: . = 

e. Reperting ResMlti. If the control sera and 



Table Tub# Test for f ebiile Agglytinlns 

Table 5=5. Tubu Test for' Febrile Agglutinins, 

Tube NunibGr / 1 _ ' - 
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tha antigen controls produce the expected 
results, report the patients' sera as followsr 

- (1): No agglutination— Less than 1:20.^ 
This is €he lowest serum dilution actually 

testac^^ ^ : ' / J. 

(2) Agglutination— The highest serum di^ 
lution to give a 2+ or p^reater reaction is 
reported as the titer. NOTE: The serum dilu^ 
tipn INCLUDES the dilution due to the anti- 
gen.. • V . \ - 
f. Sources of Erron 
'(1) Although properly stored antigens 
are usually stable for years, positiye control 
sera should be tested with each run to detect 
changes in antigen sensitivity. This is impor- 



Table 5^. Ineubetien of Febrile Agglutinm Tube 
Tests.' ^ 
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tant because the antigens tend to becbme 
mcfre sensitive with age and- must be dis- 
carded ^ 

(2) Antigens must be diluted as recom- 
mended by the manufacturer to prevent 
^ona! reactions. 

(3) The proper diluent (usually saline) 
m6it be used. to*^dilute the antigen. and pre- 
pare the serial dilution of the serum. Visible 
agglutination may not occur without the 
presence of electrolytes such in saline, 

(,4) Use fresh serum, because heated (in- 
aetivated) serum may yield lower titers, 

(5) Shaking the tubes too vigorously 
while reading may diirupt the agglutination 
especially of flagellar' antrgens. 
/ (6) Tests withr all lix tubes showing ag- 
glutiriWion, while tile eontrol sera show valid 
results, must be repeated using more tubes 
to determine the actual endpoint. 

S-4. Interpretation of Results. The results of 
febrile agglutination tests can only be inter- 
preted after careful cpnsideratipn of the pa- 
tient's History and duller factors; Special at- 
tention must be paid to past infections and 
immunizations as well as the patient's pres- 
ent and past residences and travels. Even 
aft^r the patient's history has been exam- 
ined, positive test results stilhonly provide 
indirect evidence of infection. A twofold 



or 
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Figure B^'l, Reading Aggultindtian Tesfs With d 
' ConcQV^ Mirror.. 

greater rise in titer on a second serum sam- 
ple collected lattr in the course of the disease 
prov^ides the tnost?yalid serologic evidence of / 
irifection. ynfortunatelyf due to cross-reac- 
/tivity, even a twdfold rise in titer does not 
definitively identify the causative organism 
unless ah extensive battery of antigens has 
been tested. In addition^ not all patients 
respond to a disease by producing agglutin- 
ins or the production may be delayed i All of 
these variables .make interpreting the .re- 
sults of febrile agglutinin tests a Buyeetiye 
enterprise at best* However^ there are cer= 
"tain generalizations that can be made about 
7the reactions discussed in this chapter, 
a, ialmdnallosei (Widoj R#@€tlon)i \ 
(1) Typhoid Pever/ SalmoniBlla typhi O 
(Group D) agglutinins start to appear in the 
serum about ft week after the onset of the 
disease. At the end of a month or so, over 90% 



'Table 5-7. "Realiinp of Tubfe Test for Febrile Agglutinins, 
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of the cases usually have significant titers. 
Although a rise in titer during the disease is 
most significant, , a titer of 1^80 or greater on- 
a single specimen is suggestive of active 
typhoid fever, especially on a specim<en col- 
lected early in the disease but .even negative 
results do ndt exclude the disease. These 
* titers of O agglutinins tend to drop sharply 
in convalescence. On the other hand, the H 
^agglutinins in typhoid fever rise more slowly 
and rarely to very high levels but they rer 
main elevated much longer th^ O agglutin- 
ins* In addition, high titers of H agglutinins 
are seen foUowing typhoid immunizatiotis. 
These titers may remain elevated for several 
years while 0 agglutinins are essentially un- 
affected by immuniigatlons, thus giying the 
detection of O agglutinins greater diagriostic 
Value.'- ^ / . . \ 

' (2) other Salmonelloses. Salmonelloses 
such as paratyphoid and other enteric fevers 
are diseases that are usually much less se- 
vere *than typlioid fever. Most do not ha:^^e.' 
the blood phase that is seen In typlibid feyer- 
Constequent%i antibody titers hi^y not be 
detected as early in the disease or to the 
high levels attained ^in typhoid fever. Since 
, Salmonella Group A and Group B antigens 
are included with typhoid antigens in the 
classical TAB immunization, elevated H ag- 
glutinins are usually seen to these, antigens,; 
too. In addition, considerabfe crbss-raactivity 
. , is seen f betweien the groups of salmonellae. 
Therefore, do not make hasty conclusions 
regarding the causative organisms without 
first testing a positive serum against the 
entire battery of Salmonella antigens* On ly*^ 
the antigen showing a significantly higher 
. titer, ti^an other salmonellae should be con- 
sidered as the most probable cause of the 
.disease. . " ' ' * 

b« Rickettilal Dlsaaiei {Weil-Fellic Reactton). The 

^ Weil-Felix reaction has been most useful, fqi^ 
the diagnosis of classical epidemic typhus 
but less effective for other rickettsioses. As 
indicaibed in table rickettsialpox, Q fever, 
an# Jtrench ,|ever do hot st l^ulate^ )bhe pro- 
duction of Proteiis OX agglutinins while , 
other diseases show variable cross-reactivity / 
between the three OX strains^ Proteus OX 
agglutinins are also provided in. certain non- 
rickettsial diseases such as leptospir6sii,;re- 
Japsing fever due to ^prreUa^ and urinary 
tract infections due to Protewa* All of these 
factors must be. considered when iritfrpret- 
ing the results'bf Weil=Felix tests*^ ■ 

M (1) Epidemic Typhus, ^lap called louse- 
borne typhus, epidemic typhus may stimu^ 
late the production of detectable levels of 



Frotem pX-19 agsIutiniriH in as few 3^5 
days ;after onset, The titers peak in a month 
or less and then decline rapidly over the next 
few months. Titers in the thousands have: 
been noted. A titer of 1:80 on a single sample 
should be considered as significant with no' 
ijiistory of recent immunization or recent res- 
evidence in an area endemiq for typhus. In 
" addition to Pro^eas OX-lQ ^^ltltM 0X^2 
agglutiniris may; also be foutiy in epidemic 
typhus, but usually in lower titers. No Pro- . 
. teas agglatinins are produced in the recru- 

descent-type %t typhus^ Brill's disease. 
>'^,. (2) Endemic Typhus. Protm^ OX-19 ar\d ^ 
bx-2 agglutinins are also found in endertiip>^ 
typhus, whicH is also. called:.^murine or flea- 
borne typhus. However, the tijers are usu- 
ally lower than those due to epidemic typhusi 
In addition, occasionally agglutinins against 
Frofeus OX^'K are produced. 
' (3) Scriab Typhus. This disease is also 
called tsutsugftmtishi disease or mite-bprne 
typhus. Although, frequently noiProteuB ag- 
glutinins are produced m this diseaserP^o- 
teuB dx^K agglutinins may be produced. If 
^ DX-K agglutinins are produced, they usually 
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^pfjear in a few!;Ci^ys,,p^ak in about % weeks, 
and decline shortly thlei^eafter/ ^ ' ^ - 

(4) Tick-Borne Rickettsioses. Rocky 
Mountain spotted fever and other tick-born^ , 
rickettsial diseases produce a variety of PrO' 
teuH OX. reactions. None of these diseases 
produce OX-K agglutiningrBut any possible 
combination may be seeh with 0X49 and 
OX-2. For e.^aniple, some cases of Rocky 
Mountain spotted fever produced 0X^19 ag- 
glutinins; some some bpth,,types; and 
some cases produce no OX agglutinins at all. 
Consequently, along with the pat-mnt!s_4}is- 
tory, a positive. test mi^ht 6e/:helpfuU but a. 
negative test'stillidyetirfct^ out thW pr0s- 
:ence of disease, W/B^^dfeHs OX agglutimns 
are produced, they first appear in about a 
week, peak jn! less than 1 month aqd fall 
rapidly^ Only rarely do titers exceed IclBO or^ 
so, 

;i ic. Bpucelldiit^Tularemla. Agglutinins in both of 
these: diseases appear 2-3 weeks after on^et^ 
and peak at about 2 months. Titers of 1:80 
are. considered significant for both diseases. 
Although the titers fall rapidly in brucel- 
losis, they may persist for years after a tu- 



Table 5-8. Jfcmmary ©f Ff brMe Agglutmlhi Reaetlons. 

Table 5^^. Summary of. Ft?hnlu"Ayt|lutin his Re^^ . ,* ■ = 
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laremia case, Very high titer^ with prozon^ 
reactions may be seen in brucellosis; thus 
ahy^weak reaction with the Bnicellii antigen 
■should be^studied with additional lEerial dilu- 
tfon of the serum. In spite of these differ- 
'^ences between Che agglutinins of brucellosis 
' and tularemiav woSs^react ion between- them 
is often striking. Occasionalieases of ^tulare^ 



■ ■■■■■ - •-• ; , ■ •■ 5^9 

inia'will' have titers as high against Bmveila 
abortus as against the causative drgunisnlW 
. itself This iTiust also be considered wHen 
^ interpreting'^the resiilts of these testg. A 
summary of the interpretation of results of 
all febrile agglutination tests is presented in 
t^bleS^::. ^ , . ^ ^ ^ 
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, = ; Chjapter 6 
TiStS. roW SYPHILIS 



SiCTION A— THi DISf ASi 



a. VeniireQl RQUte ef refection. Syphilis is a 
contagious venereal disefae icause^^ by the 
spirochete, irKfpanema pallidum. The usual;;: 
site of invasion of the treponprne is th^ male's^ 
V^art^ penis^^,and. female's aervix, fcut ot^ 
parts of the genitalia may be the^ invasion 
site. Although the ^disease is contracted pri- 
marily during direct sexual contact, invasion 
may be through other mucous membranes, 
such'aa of the mouth or anal region-. Even 
abrasions oc cuts in the skin of other parts of 
the bpdy may aerve as sites of entry of the 
;treponeme-#^a,fact tliat makei sypihilis an . 
occupational hazard for members ot the med- 
ical profession, 
V b, CQngenltsI Syphllj^. Another infection 
route— one that justifiably generates a con- 
rsiderable amount of laboratory work— is the. 
transmissioii of trepon^mes frorifi^ a syphilitic 
pregnant \voman across the placental barriei^ 
to her developing fetus. The resulting disr 
eas6 is referred/to as congenital syphilis, 
This condition may (and should). be treated in 
utero by treating the mother as 3oon as her . 
ii^fection is det^i^ted. Many o^ these .cases 
result Th' abortiM's and stillbirths. However, ^ 
some infants are born alive with signs of ^ 
syphilis already present. Some syphilitic in- 
fants are born without overissigns!' of the 
disease, but disfigurement, blindnesSt deaf- 
ness> and other complications nfay develop 
unless treatment is started as soon as possi- 

c. Treatment, Foftuhat€ly» the treatment of 
all types of syphilis* including congenital sy- 
philis, is adequately performed with peniciN 
lin. Only- rarely have cases failed to be conj- 
pletely cured by one or t^ doses of the drug. 
Therefore, the persistent (and increasing) in- 
cidence of syphilis is not due to inadequate 
therapy, but the disease persists due to 
ch angjng socioloprical standards and^ — -of 
prime interest to '\.e serologist— frequent 
difficulties in diagnosung the disease. Thesel' 
diagnostic difficulties am^ompounded by the 
fact that untreated venereal, syphilis may go » 
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throUgH-Kfour distinct a#ajes, biH exa^^^^^ 
stages and theif manifestations are not pre'^" 
: dictable^froiTi patieht, tO!^^^ 

6-2; Stages of Untreated Venereal Syphiiisi 

a. Primary Sypliills^ After an incubation pe- 
riod orabout;!^ weeks (fenger about a we;^ 
up to 3 rttonths), a primary chancre appears 
at the sitie of invasion of the treponemes; 
Usually only one chancre is found. The only 
other findings may be enlarged lymph glands . 
ip the region of t the chMtt^i Thiis M^ 
infectious chancre disappears in abbiJt a; 
month even in untreated cases—more^ 
qiiickly, if treated— but the treponemes are 
still in the Wdies of untreated cases. 

(1) Diagnosis of primary syphilis is ac- 
corpplished majnl^^ by darkfieid microscopic: 
examination of material fr^rti the chancre for 
treponemes. Darkfield 'microscopy and the 
morphQlpgy of the trepon^iiVes will not be 
des^riWd iTTi =this manuah Although a small 
percentage of cases have detectable levels W 
antibodies during the primary stage of the 
disease, arnonreactive Serologic test for sy- 
philis ^at this time does not rule put the 
' disease, ■ . ' ■ 

*(2) Usually, after the apparent sponta- 
neous^ resolution of the primary chancre in 
untreated syphilis, there is a period w,hen no 
visible signs of the disease are^present. The 
serologic tests are nearly srfways reactive 
during this period, which may l^st up to 
several months. OccasionaMy, hoWfever, the 
secondary stage^f syphilid may start before^ 
the primary lesion has disappeared. ^ 

b. Secandary Syphiris^^his stage of syphilis 
usually starts before^r H^ithin a few months. -. 
after the disappea/ance of the primary le- 
sion. It is cha^f^erized by fever, malaise, 
muqous patclm&in the mouth, condylomata 
lata of the atib^genital refeion, and a localized 
or generalizfed rash> All of these lesion^ are 
highly infeci4ous.^ In, some patients, these 
lesions last only a few^ days, but they may - 
last up to 1 year. Periodic recurrences of 
these signs and symptoms may occur fpr a 
couple of years. ■ - 4 

(1) Diagnosis of secondary syphilis nmy 
be made by .da^kfield examination of the 
lesions. In addition, nearly 100 percent of 
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V patients in this stag«j wiU reactive ser^, 

ologic tests on serum.'. ' ^ * ' 

"', / (2) \yith treatment»,Xhe symptoms 
'ondary syphilis . disappear rapidly. Even 
without treatment, symptoms tyentually dis- 
app.fea^v and the disease usually ' enters a 
latent periad* unless the disease prpgresse's ' 
^4ireQtly.into th^ tertiai^ sta^of syphilid. ^ 
"^^OilstW^t Sy^hiFii This^t^f^^Mhe dis^fLS^ 
' characterized by reactiye serologicjest for 
Byphilis on serum, but the cerebrospWal fluid 
(CSiF)'^must be nonreactive. If the CSF is 
-rewtive, the disease has already entered the % 
tertiary stage. No other manifestations of 
syphilis are present during the latent stage, 
which may last several years or for the life of 
the patient; An additional featur^ of latent ^ 
jiyphilis is. that the .disease is|^n6 lohger com- 
niuriicable to another individiiah EXCEPT 
^ transpla^entaH^^vtp^ fetxi^^ A^given . pAtieht^ 
with latent syphtlts' 'may have his disease ? 
develop in orie*of thl^ee ways. - , , 

,(1) In about one-fourth of the untreated 
patients, the latent period (that is,^ a reactive 
: serologic test) r^ay last for life- without any ' 
other manifestations of syphilis. 
. C^) Another fourth of the patients experi- 
fenc^^what might be considered a sponta- 
: neous cure. In other woriffii^thBit^Wrblogii^' 
tests become nonreactive and no additional 
manifestations of gyphilis ever develop. Un- 
fortunately, some of these aplparently spdn- 
tan eous cures may have developed into the 
. most serious stage of syphilis— tertiary (or 
late) syphilis— even though the sera of these^ 
patients may be nonreactive in serologic . 
tests. Usually these cases cap be detected 
because they develop reactive serologic tests 
on their spinal fluid. ^ 

(3) In addition to the apparently sponta-y 
neous cures ' that really have developed ter-^ 
tiary syphilis, about half of all cases of latent 
syphilis progress. to tertiary syphilis unless 
they are treated at some earlier stage. 

d. Tertiary (late) Syphilii. The manifestations / 
^ of tertiary syphilis are varied and= generally 
do not appear for several years after the 
primary infection, Cases, may resemtle a 
apparent latent stage for up to 40 year^ 
before symptoms appear. Tertiary syphrlis 
may involve the central nervous system with 
the possibility of inganity, blindness, and 
= bfrher neurological problems. The cardiovas- 
' cular s^stiemis also frequently affected wjth. 
the most seriouB complication being the de- 
velopment. of an aortic aneurysm which may 
rupture and result in nearly instantaneous 
death. In "^ddition, lesions may be produced' 
in the skin^bpne, and'internaLjorga^^ These 



AFM 1^47/tM 8 



3 June 1975 



lesions: are/not infeatious, EXCEPT that a • ( 
developinrir fetus may become infected even 
during this late sta^e of the disease. All of 
th^e senfous complications of syphilis make 
th^arlr diagnosis and treatment of syphilis 
a. p Afepional Challenge, Fortunatel^^^^ most 
cases oi tertiary syphilisV as well as jecoi\d- 
ary and latent syphilis, v^ill have, reactive 
; ^grolc^iQ .jbestg vfQZ^^ ^^.S - |vi^ 

s^in^flMl<i^ of cases with ,cen]tral ner^its>; 
system involvement wilhusually ;^ha 
tive/testsi These facts cKctate a .^rtajor role 
for ihe se|'ologist in tlje diagnosisVf syphilis. , 
In ffact, serologic tests ftr syphilis are the^^ 
most frequently performed serologic tests. 

^31 ^Typei ef Ser©log!€"^T&^t^ for SyphiMs/ The 

^^odiagnbsis of syphilis^ ia based bh the' der 
^tior^of t^o broad categpries;Qf antibodies. 

jst of the tests (especially the screening : 
_ fts) are based on the detection of antibQd- w 
i(B^ againist antigens tha^^ have no logical i 
irejationship with the causative •treppnem^. / ' 
Tlese tests are referred to as nontreponeriial 
01^ reagin tests. In addition, several tests : - 
have been deyeloped that use antigens that 
ai'e trepdnemal in origin. Examples of both 
types will be presented in this chaptei^ i 

j a. f^Qpfrmp^njBri^l^m^^ The.^ntigen 
i^sed in moW of these tests is an- Sxtr&ct of * 
^eef h^art, known as cardiolipin. The cardi- 
olipfn may be mix^d with lecithin and chples- 
f terol for use in microscopic flocculation tests 
^^uch as the VDRL and USR tests. Cardioli-^ 
in has also^been dombined with carbon par- 
icles (chardoal) to^ produce macroscopic . 
tests, such as the RPD tests. In ;additi6;D/ 
parious^ nbn treponemal antigeni have been 
fused in complement fixation as well as sev- 
eral other varieties of flocculation tests. 
These nontreponemal tests are usually re- 
ferrld to collectively as a''*blood test," >'sero^ 
ogy,'' or, more specifically **STS,'* which trans-- 
lates to "serologic test for syphilis.-' These 
tests are also frequently called a '*VDRL," but 
"VDRL" actually refersHo one particular re- ' 
agin test, 

(1) The syphilitic antibodies against non- 
treponemal antigens are considered to be / 
antibody-like, because the antigens in use 
cannot stimulate their production, so they 
are not true antibodies, They are also calletipN^ ■ 
reagins or reaginic antibodies to differefi- 
tiate th^ from treponemal antibodies.' 

(2) ^cause nontreponemal (reaginic) an-.. , 
tibody production is not specifically stimu- j 
lated by the treponemes, sevehil other condi- 
ti^s can cause these antibodies to be pro- 
duced. Malaria, leprosy, hepa^tlsj and cer- : 
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tain immunizations ar^. juit t few of the^.; 
conditions that can cause reactive nontrepo- 
■^^erpal tests at varying rates. These results 
C^to*e/Called biblogical false poaitivei — ^BFP, for ' 
' s h 0 rt . T h e s e BpV^^g^ along %v it H .t h e s o e i al 
implicatiDns of ^jpKto the reason. that 
\ ^e r o 1 o g ic t e s ts f 6 r p ft it is a re vb^ oi't^d as 
-"Reactiue^ 'Weakly R^^ctive or Nonreactive'' 
:and NOT^^Positive*- or ^^T^^tive/^ These con^ 
ditiorHL^ausing BPPs must be differentiated 
from act&a^^ treponemal infections;- Reactive 
tests due to related tfeponemal infections, 
"\. such as bejel, pinta, and yaws/should not be 
classified^' as BFPs. Fortunately, tests on 
Spin'al fluiTfa^^y iprrdduce BFPs; a reactive 
usually indicate^s^yphilis— in. ftLot^ tertiary 
syphilis, 

(3) In addition to^their usefulness as 
^cr:^ening tests, for syphilis, nontreponemal 
, (reagin>^tesfs are helpful in following the 
effectiveness of therapy. The antibody titer 
in these tfests drops rapidly fpllowing suc- 
cessful treatnient of primary syphiiis. Im^ec- 
ondary syphiliSj the -titer di^pps more slowly ' 
but usually will eventually' become nonreac- 
^ . t iiv'ef U n f o rt u n a te 1 y*, titersin treated si a tent 
and tertiary sy'philis may remain fairly con- 
. stant for years or life. By contrastj titers of 
the .tests using treponemal aritigehs do not 

■ normaliy drop; therefore, these reagin tests 
are at least useful in following treatment of 
the eacly=stages-&f syphilis^ - 4 

b. Trepenemej Teiti, Serologic tests for sy- 
philis that utilise the tr^eponeme as the 

^- i source of antigen generally require more so- 
0histicated equipment and techhiques than 
reagin tests. However, the main advantage 
of treponemal tests, such as the Fluorescent 
Treponemal Antibody-Absorption Test (FTA- 
ABS), is that biologieal false positives are 
essentially eliminated. In fact, the FTA-ABS 
test is frequently used to confirm or reject 
the findings of one of the nontreponemal 
tests when these results are questionable. 
Although the FTA-ABS test is currently the 
most widely used treponemal-type test, two 
oth^r tests are ^till in \ise, but declining. > 
These are the Treponema Pallidum Immobi- , 
ligation Test (TPI) and the Reiter-Protein 
Com^plemen| Fixation Test (RPCF). Only the 
FTA'ABS be presented in detail in this 
chapter. . ' 

JiCTION 0— TiSTS ON IIRUM 

6-4., Sspid Plasma ^esgin (RPR) '13 MM Circle'' 
Cqrd Teiti 

Q. ^ Prinelple. Unheated sferurn (0,03 ml) is 
spread within ^n 18 mm circle on a plastic- 
cpated card. A drop (U60 ml) of carbon-con- 



>^ainihg :RPR antigeh is^tided to'the'&eriwjt; 
. without mijci^ng. The card is 'rl)tatel^,^on^ia' 
" slide, rotator circumsciibini' a '^/-^-inchvcii^^ 
\for 8 minutes at lOO rj)m, ^^^croscbtUQ.floccu-. 
lation of ; the qaVbort iJlvrticles indicates the 
presence of reaginic antibodies in the serum, 
b. Reagehts and Equipment: . . 

. (i) Patieht*s serum, unheated. 
(2) Control sera of' known reactivity, 
av^iMble commercially or collected locally/ 
\ RPE-cai'd test kit, IS jiim circle,, avail- 
able through ■federal supply channels conx- 
- pliete with d^trds, capillaries for dispensing, 
■serum, and antigen suspension with a dis- 
pensing needle, NOTE; Several ,0thjer types 
of RPR kits a_re available from ^fiynso 
Westcptt, and Dunning,:"'Inc. These^Tcits, in- 
cluding one for-, hand rotation, may more 
adequately fulfill the objectives of a given 
laboratory. Be sure to follow all instruetions^ 
for the test. Sj^lected. , ■ 
^ >*t4) Slide rotatpr, circumsc^bing »^/4-inthi 
circle and set at UQQ rpm. ; " 

(5): Huhfiidifying cover with moist blott^ 
to c^^ver cards during rotation. 
. c. Pftliminary Stepii » 

(1) Preparation of Seva and Antige 

(a) Collect patient's serUm. The^^rum 
may be left on the cloi after sedinient 

(b) Allow all ser^,;includin|^'^ntrols*. 
and the RPR antigen to warrn t^floom tem- 
perature for about 30 minute|^©nor to test- 
ing. ; ' ' 

(2) Testing of Deliyer>^Pleedles, When 
the antigen is at room temperature, test the 
accuracy of the dispensing needle (20-gage 
without bevel). This needlemust deliver 60 
;2 drops of antigen suspension/millilit^r. 
Crimp or ream the bore of the needle, as 
appropriate, and ret est until an accurate 
drop is dispensed, / 

Isj' Pretesting of RPR Antigen^ Check the 
suitability of the antigen with unheated con- 
trol sera of known reactivity by using the 
procedure in*paragraph d below. If the ex- 
pected results are obtained, proceed with 
testing the patients* sera. Discard ant^en 
lots that fail-to react properly, 
di ProEedurej ■ ^ 

(1) Place 0,05 ml of unheated ^eriim o^i a 
circle of. the test c^rd Using a calibrated 
capillary, serological pipet or Dispenstir 
(Hynson, Westcott and Dunningi Inc.), 

(2) Spread the. serum over the entire 
surface of the 18 -mm cirrte with the wooden 
sticks 6r Dispenstirs. Avoid scratching the, 
card. ; 

(3) Gently shake the- a?^tten suspensibn 
and'diapehse^one drop (l/60wj) of antigen to 



ieaoh- lerum the needl# held vertically. ^ 
- Dp not itir ^^ mixture. 
: : ^(4) Rotate ^ card^ 8 rninutiBS fltaOO 

rpni. Bfe ^iur^ to use a humiditying cover .to . 

pr&^ent drying of the miKtUret ^ r 
/ Immediately following rotatipn, ex-. 

: amine the cards under a light for macro- 
. icopic floccUlation of the carbon particles,. 

This reading must Bfr made while the mix- 
/ ture is wet. Brief tilting of the card m^y aid 

interpretation of questionable readings. 

©. Reporting R^fulti* If the cpntrol sera pro- 
duce the expected resultB, report the pa- . 
tientS" sera as follows: V 

(1) Sera producing no nocculation ol^t 
carbon particles or only a slight roughness— 

?^^!^onTeactive^T^-:^^-^w-^^--- : 

(2) Sera producing flocculation (cluiirip- 
ing) of the carbon particles— Reactive, pre^ : 
erably along with a titer,. Prpcedures for a 
quantitative card test are included with, tlie 

: manufacturer's instructions, 

f, Sqiur€#s of irron . 

, .. .. (1) Failure to follow manufacturer'i in^^ 
/ structions, especially storage instructions 
arid expiration dates of the antigen, may 
. produee invalid results, 

(2) Scratched cards may resemble floccu- 
'lation. 

(3) All reagents must be at room temper- 
! ature for testing; Cold reagents may de- 
crease test sensitivity; if they are too warm, 
the test may be hypersensitive. 

-0 (4) Dispensing needles must be accurate. 
Each serologic test may use a different size 
of antigen drop so don't interchange needles 
without testing; them. Before storihg the 
needle, be sure^to blow all fluid from it, 
because dried ahtigwfr may alter the drop 
size, but do not wipe the needle as this 
removes the silicone coating, 

(5) Do not. confuse the 18 mm circle test 
with the 14 mm card test which uses differ- 
ent volumes of antigen and plasma. Still 
other tests for syphilis use 14 mm ceramic or 
paraffin rings on glass slides. 

g. Diicusiionr 

(1) Biological false positives are possible 
with this test. 

;(2) Plasma collected with a variety of 
antic^ettgulants may be substituted for 
serum. Check the manufacturer's instruc- 
tions for acceptable anticoagulants, 

Queiltative VDRl (Csrdiolip^ MUrefleccule- 
tionj Slide Ttiti 

a. Prihclplef Cardiolipln antigen (1/60 ml) 
cdntalning lecithin and cholesterol is added 
to 0,05 ml of inactiva^ted serum on a slide 
with 14 mm paraffin or ceramic rings. The 



slide is rotated for 4. minutes at ISO rpm. 
Xfter rotattoh, the miktiire is examined mic= 
roscopically at IpOX magnification for floccu- 
latipn of the antigefi partioles, Flocculation 
"indicates the presence of reaginid antibodies 

in the serum. ' . \ . = 

/ b. Reegeiiti end Mw'P"i©nti 

(1) Patient's serum, inactivated, 

■ (2) Control sera of known reactivity^ inac- 
tivated, available cominercially or collected 

locally. _ ; - 

(8) VDRL (Cardiolipin Micrpflocculation) 

slide test ahtigerf; ^ 
^ (4) VDEt buffered saline^ pH 6.0 ±0.1. 

(5) jipets, capillaries, or Di 

(6) ^rideSj #ith 14 mm paraffin or cer- 
amic rings, NOTEI Sl ide s, such as boerner 
slides, are ^ot. recOinmerid^ 

(7) Bottle; 30 ml, round, glass-stoppered, 
with flat innerbottoni. NOTEi Be^sure the 
inherbottom is flat* 

(8) Water bath, 56'C.; 

(9) Slide rotator, set at 180 rpm. : 

^ (10 Rinf maker, if paraffin-ringed slides 
are to be used. ; ■ ; . 

(11) Syringe, 1ml. .. . . 

(12) Needles, hypodermic, l8-gage with- 
out bevel or 23-gage with bevpl, pretested to 
deliVer 1/60 ml/drop, 

c, Pfeliminary Stepi' 
: (1) Preparation of Serumr^ 

(a) Inactivate clear sera at 56^0 for 30 
minutes Sera, such a|i control sera, that 
have been inactivated previously or that 
were inactivated 'more, than 4 hours before 
being tested must be reheated for 10 minutes 

at 5rC, ' 

(b) Cool all sera to room temperature 

before testing. _ . 

(2) Preparation of VDRL; Antigen EmuN 
sionr V^y 

(a) Pipet 0,4 ml of buffered sahne tothe 
bottom of the 30-ml bottle: 

(b') Load the . bottom half of a 1-mr 
serological pipet with 0,5 ml of VDRL anti- 
gen^ and introduce the tip of the pipet into 
the upper third of the 30-ml bottle. 

(c) Start rotating th# bottle at about 
three times/sed on a flat surface so that the 
denter*of the bottle circumscribes a circle 
about 2 inches in diameter. Do not make the 

buffer splash, : 

(d) Add the antigen dropwise while ro= 
tating the bottle, blowing out the last drop, 
This addition should take about 6 seconds. 

' ^^e) Continue, rotating the bottle for 10 

seconds more, . 

(0 Add 4.1 ml of VDRL buffered saline 
to the emulsion in the bottle. 
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; (g) Wace the gWi^ ^topper in the bottle ; 
and shake the bottle, vigorpusly for 10 sec- 
ohdi. The fluid should be thrown from the 
bottom to the top of the bottle, ^^^^ 

(h) Use the aritigen only on the day of 
preparation^ . ; 

" 0) This quantity of antigen is adequate 
for about 250 tests* If nt ore Is needed, multi- 
ply the quantities of antigen mnd buffer and 
prepare a larger batch. Do NOT make, 
smaller batches than the. quantities indi- 
cated above/ ] : 

\{8) Testing of Deltvery Needles: V 

(a) Gently mix the antigen emulsion . 
and fill a l»ml syringe fitted with a 28»gage 

. needle with bevel or 18»gage without bevel 

(b) Holding* the bevel of the 28»gage 
needle HORIZONTALLY (or the 18-gage 
ne^le VERTICALLy), determine the num^ 
be^©f drops of ahtigen ^mulslon/milllliter. 
The needle must deliver 60 drops ± 2 dropsA 
milliliter, ' ^ 

(c) Adjust the bore of the needle uritil 
the 60 drops/ml are delivered, 

(4) Pretesting of VDRL Antigen EmUU 
^sion: . - . ■ . ■ - ^ . . , ■ 




: : (a) T#st known eoritrol sera (Rwactive, 
/Weakly Reactive, and Nqhreactlve) using thfe 
procedure in paragraph d below. Be sure the 
sera have been prpperly inactivated before 
'■testing. " = " V : ^ " ■ ■ ■ ^ : ' ^ ' 

(b) Discard antigen emulsions that' dd 
i^t produce the expected i^esu Its. ' 
drPracadurei 
(1) Pipet 0.05 ml of inactivated serum to a 
14 mm par affin^or cerairiie ring oh a slid A 
calibrated capillary pipet or Dispenstir may 
also be used. 

(2^ Add one drop (1/80 ml) o£-^ntigen to 
each serum with a pretested 18- or 23-gage 
needle,/ 

(3) Rotate the slide for 4 minutes at 180 
rpm* . Use -a humidiftrih 

.mate, ^'i- , - ^ ^ ' - . ^ = - . - / 

(4) Read. the tests at 100^ magnification 
(lOx ocular and^^lbx objective) for flbccula- 
tion of the aritigen particles. See figure 6-1 
for mrtist- s cpnceptions of the reactipris. 

e* R#p@rflng lleiylffs. Before any results can 
be reported, the control sera must produce 
the expected; resultSi If the controls indicate 
valid results, report the patient's sera accord^ 
ing to table 6^, preferably along with the: 




Nonreactivi 



Weakly Reactive 




Figure 6-1, VDRL Slide Test Redctleni. 
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Tabia .6-1; Reporting Besulta of VDRL Slide Teste. . 



erJc 







^ -V - Reading 


. . Report . 
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titer of all Reactive, Weakly Reactive, or 
i^*rotfgh'* sera/See paragraph 6^6 for the 
VDRL quantitative test. ^ 
fj idyrcei of irrorsi 

(1) All reagents mu3t be at room temper- 
ature ior testingV Cold reagents may de- 
crease test sensitivity; if they are. too warmj. 
the test may be hypersensitivei 

(2) This test must be performed only on 
clear serum/ Cloudy serum . or heated plas- 
mas may contain confusing preeipitatea* 

. (3) Biologieal false pasitijyes are'posaible, 

(4) Prozonal reactions iffay occurs there- 
fore, airWeakly Reactiye» as well as "rough" 
readtions, should be titered to detect poten- 
tially high titered sera* See paragraph 6-^ 
forjnethdds* ! 

(5) Mix the antigen emulsion^ frequently 
. to insure an eyeh suspension of antigen par- 
ticles, g 

(6) The pH of the buffered saline is criti- 
cah Alterations may affect test sensitivity. 

(7) The antigen emulsion should only be 
used on the day it is prepared. For a test 
using a more stable antigen see the USR test 
in paragraph 6-7. 

6=^. QyantifQtlv# VDRL (Cdrdlonpin Miereflaccula- 
tion) Slide T@£ti 

a, Principlt. Reactive, Weakly Reactive, and 
"rough" sera are serially diluted in 0,0% sa- 
line. Each serial dilution is tasted as if it 
were an individual serum by the VDRL slide 
test. The highest serum dilution to produce a 
Reactive (not Weakly Reactive) Result is re- 
ported as the titer. ^ 

'b. Reagents end fquipment* All items lipted 
for the qualitative VDRL slide test in para- 
graph B--5b are needed, plus the following: 

V (1) Saline, 0.9%, 

(2) Test tubes, 12 x 75 mm. 
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- Prtiimmfify Stepii ^ . 

(1) Prepare sera , and the antigen emUlr 
iion, test the delivery needle^ and. pretest the , 
antigen Smulsion according to instructions 
in paragraph 6-8c* ' ^ ' ' 

(2) Prepafe a\twofold serial dilution of all 
Reactive, Weakly Reactive, arid "rough" pa- 
tients' sera as follows^ 

(a). Place five test tubes*(12 ?< 75 mm) in 
a rack, ' - 

(b). put 0,5 ml of 0.9 percent saline in each 
tube. ■ " , . ''■ ;. •• ^ ; . 

^ (c) Pipet 0,5 ml of inactivated serum to 
the first tube. NOTE: For greatest accuracy, 
this pipet may be discarded and a new one 
used to mix ^and, transfer the saline-serum; 
mixturerto'each siicceedlng tub#^ 

(d) MiK by :aspiration and transfer 0,5 
m} of saline-serum mijcture to the secbrid 
tiibe. .Repeat this through the fifth tube. 
Leave the pipet in the flfth tuhe in case more 
dilutions are needed* The resulting dilution 
is twofold starting witl^ 1:2 in the first tube* 
^This dilution schlime }S shown. graphically. in 
table 6-2. .. 

d. Procedure. Test each dilution like an indi- 
vidual serum by the VDRL slide test de- 
scribed in paragraph 8-5d* Continue the se- 
rial dilution if all five dilutions should be 
reactive, 

e. Reporting Rfiuiti, The highest dilution of 
serum producing a Reactive (not Weakly Re- 
active) result is reported as the titer. Exam- 
ples of quantitative VDRL test results are 
shown in table 6-3, . \ 

^7.. Unheated Serum R#agln (USR) Ttisti 

a. prindple. Unheated serum (0,tt5 ml) is 
placed on a 14 mm paraffin- ^©r ceramic- 
ringed sllde^ A drop (1/45 ml) of a cardiolipin 
antigen, containing choline chloride to inacti- 

Table 6-2. Quantitative VORL Serum Dllutieni. 



TablK 6^3.. ^uanUMitjVtj VDRL Siifum Oiiutioha. 
Tube Nufflber' -■ .1 2 



So rmii 1 ii3 I ine , 
ml 



iU lution 



0. S 
ml 



0,5 



0 . S milliliters of : 



.1:4 



1:8' 



: 16 



5 



m 
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Tdbia 6-3i'. i^tifinhplij Raportt of Quantitdtive VpRL Serum Oilutieni. 



. : Tabtt 6-3. Exoniplei RepotU ot QUsfiUtative VDRL Serum Diluttoni, 





•=i- 

•■ f. . • • ■ 






ReactiQii with lirum 










- 1:2 ■ 




ItJ 


1 


1 :'32 






11 2S6 




Sgrum ,A . 


. R 




k: - 


R-; 




^ r; 


. :WR : 


. N / ' 




Seruin B 


R 


. R 


" R . 


WR 








'N.V ^ 




Seruni C 


WR 










N 


■ N 

























Report 



Reactive, tet 1;^ fi^".; 
Reactive ,.)t iter 1 IS 



Reactive j * j^J tor und i luted 
only. f^'' - ' 

React £y^-ti; te i^. 1,^12S— 



vate serum complement and EDTA to pre- 
serve the antigen emuision is added to each 
serurft without mixing. The slide la rotated 
on a slide rotator circumscribing a 3/4-lneh 
tcircle for 4 minutes at 180 rpm. After rota- 
tion, th^ : mixture is -examined microscqpi- 
cally at 100 K magnification for flocqilation 
of the antigen particles, Flpcculation Indi- 
catei the presence of reaginic antibodies in 
the serum. ' , 

b. Rtagfrits and Iquipment. All items listed 
for the qualitative V^RL alide test in para/ 
graph 6-5b are needed, except that the 
needle must^ 1/45 ml/drop and/i^he 

water bath is riot needed, / 

(1) Centrifuge, angle-head with taCnome- 
ter, capable of achieving an rcf of 2^00 
. (2) Tubes, stainless steel, for centrifuge* 

(3) Phosphate (0^2 M) Merthidlate (0.2%) 
solution. Dissolva/l.42 g NagHP04, 1.86 g 
KH2PO4, and l.OOyg Merthiol^te in distilled 
water in a 500t-ral volumetric flask. When 
dissolved, q.s. to/500 ml w^^^h water, the pH 
should be 6.9. yStore Jn/the dark at tpom 
temperature. Stable up^to 3 months. 

(4) Cholin/ chloride solution, 40%. Dis- 
solve the entw*e contents of a 250 g bottle of 
choline chlomde in 625 ml of distilled water. 
Filter and s/ore ajb/room temperature. Stable ; 
1 year. Rafilter n needed, I^OTE: Use the 
entire bptpe duf/to the hygroscopic nature of 
choline cl 

(5) BOTA^ 

dium s^lt) to 100 ml with distilled water.. 
Stable/l year^ 

(6/uai 

c(3) hfel^. 

C* rrtliminary $tepii 

Prepdi^tion 
h e t e d s erum a t 

needed. , 



antigen emulsion (see paragraph 



of Serum. Clear, uri- 
room temperature is 



(2) Preparation of USE Antigen Resus- 
pension Solution. Prepare this solution aach 
time antigen emuliion-/ls to be prepared. Be 
sure the reagents are .not outdated. Prepare, 
a volume equal to the volume of antigen to 
be prepared. To prepare 10 ml of resuspend' 
ing^SOTntfoHT^om bine the folio win 

BpfTA(Q4 M) . u^j..... IJB ml 
ofioline chloride (40%) ^.^-.^w.^—^-^-.-^^^ 2.5 ml\ 
/Phosphate (0,02 M)\ Merthiolate (6.2%) ^= 6.0 ml ^ 
/ Distilled water 1.25 ml 

(8) Preparation of USR Antigen Emul- 
sion: . 

(a) Prepare bl large batchy of VDRL^ 
slide test antigen according to instruetiorra* 
in paragraph 6-5c(2), For example, 100 ml of 
antigen .emulsion may be prepared by drop- 
ping 10 ml of antigen into 8 ml of buffered 
saline in a 250 ml glasS'Stoppered bottle. 
After an additional 10 sec of rotation, add 82 
ml of buffered salme, stopper the bottle and 
shake according to Instructions for the 
VDRL antigen, / / 

(b) Centrifuge measured amounts of 
the VDRL antigen emulsion at an rcf of2000 

^ g for 15 minutes (time only when the desired 
;ipeed Is reached). See paragraph 1-7 for cal- 
culaWon of the desired rpm. 

? (c) Decant the supernat# OPPOSITE 
the side containing the sediment. Wipe ex- 
cess fluid from the inside of the tube with 
gauze without disturbing the sediment* 

(d) Using freshly prepared resuspen- 
sion solution, resuspend the sedimeht in a 
volume' equal to' that of the VDRL antigen 
originally centrifuged. 

(e) Pool all tubes of antigen in a tightly 
stoppered bottle and gently shake the bottle 
to produce an even suspension. NOTE: The : 
antigen is now ready for pretesting with 
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;kn6wn control and tor future uee. The anti- 
gen is u^ii,ally stable for mt 1^ months if 
ktpt at S^G-IQ^C, Remove only an all<qupt'lor 
* taph tast^Vun, and include contrbl sera with 
' eacE fun. The ^antigen aliquot must be at 
room temperature for tefting. ' 

(4) Testing of Delivery Neiidle; . . . 

(a) Gently mix the antigen ^mulsion^ 
and fill a l-ml syringe fitted with an I8-gage 
needle with the bevel removerd. 

(b) HoUinff the netdle vertically. deter- 
' mine the number of drops/mtUiliter. This test 

requires 45 drops i I drop/millUiterr 

(c) Adjust the boMiof the needle until 
45^drOps/ml are delivered. 

V -(5) Pretesting of USR Antigen Emulilbni 



XanTesOcnowrrcM 
^Weakly Reactive, and Nonreactive) usihg the 
procedure in paragrapft d below. All sera and 
the antigen must be atTOom temperature for 
testing* 

(d) Discard antigen emulsions that do 
notproduce the expected results. 

di Procedure:' 

(1) Pipet 0^05 ml of cleary unheated serum 
at room temperature to a 14 mm paraffin or 
ceramic ring on a slide. A calibrated capil- 
lary or Disperistir may be used. 

:(2XAdd one drop (1/45 ml) of USE antigen 
emulsion at room temperature to each serum 
with a pretested 18-gage needle. 

(3) Rotate the slide for 4 minutes at 180 
rpm^;,Use a humidifying cover in a dry cli- 
mated . . ; 

(4) Read the tests at 100 x magnification 
(lOx ocular, and 10k objectives) for floccula- 
tion of the antigen, particles^ See ifigure 6^1 
for artist's conceptions of the reactions. 

e. Reportmg Results. Results ai^e reported In 
the same manner as for the qualitative 
VDRL ilide test given in paragraph 6^5e and 
table 6--1. ^ ■ . ^ 

f. Sdureti ©f Irfor. Sources of error are the 
same as for the qualitative VDRL slide test 
with the following additions: 

(1) Keep the USR antigeh emulsion in 
the refrigerator at all times. Remove only as 
much as is needed for a given batch of tests. 
Allow this aliquot (jas well as refrigerated 
sera) to warm to room temperature for about 
30 miniites before testing. 

(2) Check the antigen during each test 
run with known controls. Discard antigen 
lots when they Ui\ to produce the expected 
results, . . ^ ' ^, 

(3) The serum is not heated for the USR 
test. The choline chloride in the antigen 
emulsion inactivates the complement. 
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6^8. Fluo^scent iTriponemdl Ahtlbbdy^Absar^^^ 
(FTA-AS5) TiSTi a . i: 

- * a*^ Nncfplei First; the^^atier^t^s 3erum is 
absorbed with an extract dlBeiter trepp- 
nemes to adsorb antibodies tha^are common 
to both saprbphytic and ; pathog'enic trepo- 
hemes. The adsorbed serUtn. is then added to 
thCi Nlchpli stBain of Trepdnem9^ pMiditm 
that has been dried oh^ the ilid^ and fixed 
with acetone. After incubation at 37^C, ex- 
cess serum Isj rinsed from 'the slide with , 
phosphate buffered saline (^S)* Then. fluo' 
rescein-labeled antinhuman globulin ^(conju- 
gate) is added to the T\ palHdiLm sm^ar^ and 
the slides:are incubated again at 37^C. At the 

/end of this 'incubaticin periodp excess conju- 
gate is rinstd; from the-slidef with PBS^^^ 
slides are coverslipped* with ;a glyce^ime 
mounting medium and; examined by fluores* 
cent rhicroicopy using the appropriate exei- ^ 
ter and barrier filters. The presence of trepq- 
nemal antibodies is indicated 1^ a greenish 
fluorescence of the treporienies. The obseryar 
tions are compared with thie fluocescenc^due 
to known control sera, ^ 

b. rteagehti snd Iqulpfp^t; 
^ (1) Tiie following' items^ a available 
fjrom severar commercial sources and are 
usually purchased ratKer than prepared in 
the laboratory. Store arid reconstitute these 
according to the manufacturer's instructions. 

(a) rrtepoMma pa^lMiiwi (Nichols 
Strain) (FTA'ABS) antigen, l#ophilized- 

(b) Fluorescein-labeled aritihuman 
globulin (conjugate). \ ^ 

(c) Sorbent, FTA-ABS. ■ 

(d) Reactive (4+) control serum, 

(e) Minimally reactive (1+) control 
serum (prepared from 4+). 

({) FT - najispecific serum control. 

(2) PatieuL^sFrum, inactivated. 

(3) Phosphate buffered saline (PBS), pH 

7.2 ± 0.1." : . 



Na^HPOu ...^ A= 
KH,P04 = 
Distilled water 



7.650 g 

OJIO g'; 

q,s. to 1 liter 



Check the pH of the PBS frequently and 
discard lots that vary by more than ± 0.1 
from pH 7 J. NOTE: The mixed chemicals for 
PBS of the proper pH are also available 
commercially in powder form, 

(4) Tween 80 (Atlas Chemical industries, 

Inc.)/ - • 

(5) PBS containing 2 percent Tween 80., 
Heat PBS and Tween 80"C to 66^C, Pipet 2 ml 
of Tween 80 to 98 ml of PBS with rinsing. 
Store in the refrigerator. Discard if a precipi- 
tate forms or the pH changes. 
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; - (6J^M6unting^m^^ ^rtAPBS plus 9 

V (7) Acetone, reagenlgrade^dry,\ ; 

P' ; (9) Cbvaa^lipB, 22 ^ 40-mvA. •; 

' (10) Staining dishp with ramov^abl^ slide 
"carrier*- ^. ; • . ' ' ^ . ^ \' ' ,^ ;^ - - 
(11) PIpt5, ierblogical^OJ mL ; > 

V . U2) Pipetsr<3apiUar^^^ 

' (13) Test tub^s, 12 >< 75 nirn/ ; ^ 

*(14) Incubator, bacteriological, at 35^0-.. 

^37^^ . - ^ - \ ■ . 

(15) Fluoreicent microscppe with dark- 
field condenser and UV light source* V ; 

ity, stide box with a tight cover may be used^ 
Set the box on end with; wet_ gauie at the 
bottom end to keep' the reactanl^s on the ^iide 
uppermost -'■ ' / 

(17) W^er bath, mC. - ; 

(18) Diamond-point pencil. . - 
. (19): Bibulous paper. 

(26) Loop, bacteriological, 2-mm from 26- 
gage platinum. , ^ ^ ^ 

(21) Immersion oil, low-fluoreicence. 
Prat Irhi nary Stepii 

(1) Preparation of Sera. Control sera 
should be reconstituted and stDred, according 
to the manufactuer's instructionSv All sera, 
including control sera, must be heated /at 
66^C for 3Q minutes before tailing*- Sera that 
have been heated previously shouidi be re- 
bfeated for 10 minutes at 56 -C. flo NOT heat 
the conjugate. _ ^ 

(2) Preparatiori of Minimally Reactive 
(1+) Control Serum. Starting with 1:2, pre-: 
pare a twofold serial dilution of the Reactive 
(4/f) serum control in RBS. Test each dilution 
using the procedure in paragraph d below to 
detect the greatest dilution t^at stiil pro- 
duces minimal, but readily detectable, fluo- 
rescence. This dilution is used as a reading 
standard for the test. 

(3) Reconstitution of Fluorescein-labeled 
Anti-human Globulin (Conjugate). The lyoph- 
iUged cohjugate is initially reconstituted 
(usually with water)^ccor^ing to the manu- 
facturer's Instructions. The reconstituted 
conjugate may be dispensed in small (never 
than 0.3 ml) aliquota and frozen at ^20°C or 
lower. Before use, the conjugate is diluted 
with PBS containing 2 percent Tween 80 to 
the **working dilution*' indicated by. the manu- 
facturer. NOTE: This *%orking dilution" 
should be checked by the using laboratory if 
any results are in doubt. This is done by 
testing a twofold serial dilution of conjugate 
that includes the **working dilution'* indicated 



by^^^e^^#*ra*^urer aga 
coTftrol serum,vThe '^working di de-" 
fijted as one; tube XoT^^ twofold dilutioVi) less 
than the greatest c^ give 
a 44^ reactioh. For examplejiif a li200 dilu-^ 
tiori.qf conjugate; is the grektest dilution tol 
give a 4 +: reaction, a *:wotking dilution^'Vof: 

.laOOfhould bfe used, . ^ ; ^ > ; ■ - 

■ (41 Preparation of\!Antigen 
' (a) Make two circles (1 cm iriside diame- ■ 

rter) on i clean slide, with the diamond-point 
penciL Circles should be separated as far as : 
possiblei but close enough togetMer so that 
both rxAy be covered completely by the ?2 .>< ^ 
40 mm cover glass. Remove loose glass parti-^ 

cording to the inanufacturer*s ihWructions,- 
Mix byv^spiratioij with a capillary pipet at 
least 10 times. CHeck an allqutft by: darkfield 
microscopy for even dispersion of the trep<?- 
nemes. .Remix, if needed. 

(c) Using the bacteriologieal loop, 
spread a loop of antigen in each circle on the 

. slide. ■ . - \j ■ .; 

(d) Air dry the slides at least 15 mixi- 

utes. . / J V ■ V ' ■ / v/ ' . .. 

(e) Fix smears in acetone for 10 min- 
utes,^ Do not fix more than 60 slidei/200 ml of 
acetone^ / A= = ^ 
. \ (f) Air dry the slides thoroughly, % 

(g) €toi*e the acetone-fixed, imeari ;at 
-20^C or lowe^i These: smears should not be' 
thawed and fefrozen, but they .may be 
thawed and used as long as the expected 
reactions with control sera are produced. 

(h/ Allow frozen smears , to warm to 
room temperature before testing, 
d. procedure: 

(1) Set up each cbhtrol iand patient's 
, serum (previously heated) in properly la- 
beled test tubes according to the scheme 
provided in tajble 6--4. Add each control or 
patient's serum to 0.2 ml of the appropriate 
diluent (PBS or sorbent) using the bottom 
0,05 ml of a 0.2 ml serological pipet. Mix the 
serum'-diluent mixture by aspiration at least 
eight times and leave the pipet in. the mix- 
ture. NOTE: The acceptable reaction for 
each control is also indicated in table. 6-3. 
ALL controli must give these acceptable re- 
actions before the results on patients sera 
can be reported. . - 

(2) Label antigen smears on the frosted 
end with a lead penciL Preferably, each 
control arid patient's serum should be run in 
duplicate (that is, use one slide for each fluid 
to be tested), if economically feasible. 

(3) Carefully cover an entire antigen 
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TriW^ ^^ Schema and Acceptflble Reactions^ 

'l*able 6-4. FTA-ABS.ipon^ Schema and Aceeptoble Reactioniv . 
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smear circle with approKiniately 0.03 nil of 
each dilutipn or control listed in table 6^. 
The fluid may be spread by carefully rotat-^ 
ing the tip of the pipet -WITHOUT tQUching 
th^ antigen smear. Do not scratch the smear. ' 

(4) Place the slide in a moist chamber 
with the reactants uppermost. 

(Srincubate the slides (in the moist 
chamber) at 35"C-^37^C for^SO minutes^ 
, (6) Following incabatioh, rinse the reac- 
tants from the slide with running PBS. 

(7) Place all slides in slide carrierl and 
soak in two changes of PBS for a total of 10 
minutes (5 minutes each). Agitate the slides 
by dippirig about 10 times during each 
change of PBS^ i , j 

(8) Rinse the slide| briefly in distilled 

water. / 

(9) GENTLY bldtl the slides dry with 
bibulous paperl Do not scratch the smears. 

(10) Prepare th^ "working dilution" of con- 
jugate with PBS containing 2 percent Tween 
861 Spread 0.03 ml of "working dilution" of 
conjugate over each antigen circle. 



(11) Replace the slides in the rftoist cham» 
ber and incubate them at :35^C-^37^C for 30 
minutes. ■-. V 

(12) After indubation, repeat the rinsing 
and GENTLE blotting as in steps 6^9 above, 

/ ' (13) Add a SMALL dropv.of the PBS- 
glycerine mounting medium to each antigen 
circle and cover slip the slides. 

(14) Assemble ; and align the fluorescent 
microscope and UV light source according t^ 
the manufacturer's instriictions* Start the 
UV light and ittow a warmup period as indi- 
cated by the manufacture^, 

(15) Examine the slides by fluorescent 
microscopy using a darkfield condenser and 
450^ magnification (high'dry objective). 
Slides may be stored in the dark ^r about 4 
houi^s before reading. 

ta) Exciter Filters; Either a BG 12 or 
.AO 702 filter may be used. 

(b) Barrier Filters. Several types of 
barrier filters have been used. Some of these 
are OG 1, AO 724, AO 1124, B ahdX Y-8, and 
Zeiss 50/- (II/O), 
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Reactive (R) 






.Borderline (B)* 






NohrtactiVe (N) . ''^ ^ , 



Btpeat .alji 1+ and ■< .1*;^ readings be fori 
repotting the results, A second serflrm ^^:fi 
f ^Q uM b e . s t eid o n. a 1 1_ B orde t jjn e : res U 1 %%. 



CiW^BK^ine all Nopr^^ 
normal darkfleld midroscopy to conflrm thie 
presence bf treponemes* Each smear should 
have' about 30 treponemeg/high-dry field, 

(17) Compare all readings with the Mini- 
;mally, Re$ctiye (1 +) se^ 

e« fte^orting Rtsull^. Before ah J' results can^ 
;he reportGd, all cbntrols listed in . table 6^ 
miist givfe' acceptable reactions. Jf all kre 
acceptable, f epgrt the results according to 
table 6-5 with the followihg Exceptions: ■ V 

(1) AM 1^ "and Bbiderline' remctibns 
should be retested before repotting results/ 

(2) A second, serum should be requested 
Oil all cases identified as Borderline. Addl- 

; tiohal testing is probably not indicated if this 
second is al^o Bprderline. Each patient's his-, 
torical arid physical findings Will have to be 
carefully analyzed in these cases, 
f* Sources ef irrpn 

(1) The interpretatioTi of fluorescence of 
th^ treponemes is subjective and only experi- 
ence with thie micrdscope will build confi- 
dence. Aqceptable reactions on ALL controls 
must be achieved for valid results* 

(2) Scratches in the antigen smear may 
produce confusing fluorescence* 

(3) The ^'working dilution" of the conju- 
gate indicated by "the manufacturer should 
be checkted to compensate for different equip- 
ment and procedures. 

^ (4) Bacterial contamination of sera and 
conjugate msly destroy the antibodies, 

'(By Conjugate should not be frozen and 
thawed more than once. Freeze small ali- 
qubts and thaw only as much as; required for 
a test run. 

(6) Antigen smears should not be thawed 
and refrozen. ^ - 

(7) Check all nonreactive smears by nor- ^ 
mal darkfield microscopy to verify the pres- 
ence of treponem*es. , 



, (1) False=positivfe rea^id 
pdrted in^^^es dfrt 
, v in this .^fit* -Many^of thes^ demonstrate a^' 
peculiar IJbeaded" fluof es^ericl of the trenb= 
nemes. ^pther ftlse positives may he dteticljpid . 
as the test is studied -inorQ,^,,^ ' ^ 

; (2) Other treponemal diseases (pinta, be- 
jel, ^ndyiaWs) should be expected to, giveV 
reMtive.resultii ■ / 

(8J FTA-AQS antibodies uiu ally appear 
in the serum .during the primary stage of 
syphiUi and persist tor Hte,\ . ^ 

; (4):Even after tteatmfent the te^ 
remains reactive tor Ijfe whye mjost /other 
serologic ;t^Ssts fo^ sj^p bedoihe ■ honreaci 
— tiVerfeSpeclall^ if t^^ 
tertiary stage of the diiiease. ^ 

(5) Wie^T^^S.test te esp»eciaUy useful 
in the dia^o^ii olf ^tertia^ syphilis because ' : 
the reagin tests may be%6nreactive in about v? 
one-fourfclf of these cases. 

SIGTION C--TiSTS dN SI»INAl FLUID 

VDRL Slide Test @n Splhal Fliild: V 

a, Prindpl^, VD^L slideptest antigen is made 
more sen sftive by adding an equal volume of 
10-percent saline, A drop (1/100 ml) of this 
s^nsitiEGd ahtigen is added 0.05 ml/ of un- 

. heated , spinal fluid in ^16 mm diatiieter by 
1^75 mm deep .concavity of an agglutination 

. slide. The slide is rotated for 8 minutes at 180 
rpm. After rotation/ the mixtura is examihed 
microscopically at 100 x magnification for 
flocculation of 'the antifcen particles. Floccu- 
latioh indicates the presence of reagin ic anti- 
bodiet in the spinal fluid, 

b. R#ag#nts and iquipmenti 

. (1) Patient's Spinal fluid, unheated. 

(2) Reactive, minimally Reactive and 
Nohreactive control sera, diluted at least 
1:80 before testing* , . 

(3) VDRL (Cardidlipiri Microflocculation) 
slide test antigenl 

; (4)^VDRL burred saline, pH 6:0 ± O.L 
/ (5) Saline, 0.9%. 

X6) Saline, 10%/ Q.S, 10 g of NaCl tp 100 
ml with distilled water/ 

(7) Pip^s, serological, 0 J ml. 

(8) Slide, agglutinatiohj. w^ith 16 mm^ 
ameter by 1.75 mm deep concavities, 

(9) Bottle, 80 ml, round, glass-stoppered, 
with flat innerbottom, the same as used for 
VDRL tests on serum, . ^ ^ 

(10) Slide rotator, set at 180 rpm. 

' (11) Syringe, 1 ml. : ' 

(12) Needle, hypodermic, 22-'gage with be- ' 
vel removed, pretested to deliver 1/100 ml/ 
drop. . / 
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e.>f#liminaty Stt^i ^ ^ . ^ 

(1) Praijaratioti of Spihal Fluid, ysuaUy 
third tube 6f spinal fluid obllected is 
-reserved for seroliSgic teiti* The fluid should 
be frte.Qf hemolysis and cells, Cehtrifuge/the 
: specinii^ and test the clear auparnate, ; ; _ 
(2^ Preparation of Sensitized VDRL> Anti- 
gen Emulsio^^ ' V : 
; / (a) Prepwe a"batch of^VDRL slide test 
finlJigtn emuision accordirig to iristructiohi 
in piaragraph 6^b (2). ^ 

' (b) Within 2 hours of testing time,mlx 1 
part of . freshly prepared VORL antige.n. 
emulBion with 1 part- of ,iO-percent saline. 
Mix well :and let stand at least :5 minutes, but^ 
^use^thSfieri^tizad antigen i 
"^hours, ^ . • . 

- (3) Testihg^f De^^ 

(a) Gently mix the sensitifeed antigen 
emulsion and fill a 1-ml syringe fitted wi% a ^ 
22^gageme^dle^ith the bey^l remov^^ 

(b) Hoiaing^he needle vertically; d^^ 

^ mine the.numbtr of arops/millilitw^^Jhis test;^ 
^ requires 100 drops ^ 2 drops/millilvter. 

(c) Adj\ast the bore of the needle until 
^iOO drops/ml are delivered. 

/ (4) Preparation of Cohtrol Sera, Controls 
for this test are prepared from unheated 
serum, NOT apinal fluid. The Rea|tive serum^ 
used as a control must h^ve a -titer of 1:80 op^ 
greater when te^d by . the VDRL test for 
spinal fluid. Test the Reactive serum after it 
has been frozen foi* severa;! days. 

(3) Starting at 1:80, prepare a twofold 
serial. dilution of unheated Reactive serum in 
OJ-parcent saline. . ^ 

(6) Test each dilution by the VDRL test 
for spinal fluid and record dilutions that give 
Reactive, minimally Reactive, and Nonreac- 
. tive results. Use; these three dilutions as 
controls each time the test is performed, 
d. Procedure: 

(1) Allow all reagents to warm to room 
ten^perature. . 

(2) Pipet 0.05 ml of clear, unheated spinal 
fluid to a concavity in the; agglutination 
slide. ^ 

(3) Pipet 0.05 ml of each diluted qontrol 
serum to the slide. j 

(4) Add one drop (1/100 ml) of sensitized 
VDRL ahtigen emulsion to each control or 

: spinal fluid with a pretested 22^gage needle. 

(5) Rotate the slide for 8 minutes at 180 
. j^pm. Use a humidiftfing cover in a dry cli- 
mate. ^ ... ^. ; 

(6) Read the tests at 100 x .magnification 
(10 X ocular and 10 x objective) for floccula^ 
tion of the antigen particles. 

e; Reporting Results^ Before any res^^ 
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: be reported,; the contM sera must produce ;^ 
'the ^expected reactions, Jf ttie cphi^ols .|ndi- _ ' 
cat© v^iid results, report the patient's spinal 
fluid as either Reactive or Nonreactive, as ; 
appropriat^,vNOTEi The Weakly Reactivefev 
V pbrt is not used for this tfestKAny-rje^ctivity 
is signiificant. ^ ' S \ ^ . 

f. Sources ©rirren ^ } ■ . _ i 
(IJ Bte sure that the VDRL antigen emul- ^ 
sion is sensiUzfed by^adding equ^ parts 
perdent s^linS, — . - . 

\ ^ (2) The antigen drop (1/100 ml/drop) must ^ 
■ he accurate within + 2 di'bps/miHiliter, _ . 
' :(3)' Reactive cpntrol sera must have a 
titer of at least l^Sp when tested by , the ^ 
spinal fluid test^ v : - ^ ^ J . / 

y Spinal TOidscpntaip^ grdis;blot)d or i 
miWpbiif contamination are uns^isftctory, 
/ (5) All r4ag6nts must be at ro^ tenjper- 
atur&fpr testing, . ^ 

g; DliiusiioHi. > ' 

(1) False: positives rarely occur in tests 
fot iyphilis performed on spinal fluid. A Re- 
active ;test usutflly ihdidates present or past 
neuAsyphilis, especially if the cell c6unt and ^ 
protein content of the spinal fluid are ele- ' 

. va^ed, . , 

(2) The spinal fluid must be Nonreactive 
in latent syphilis, A Reictiye sj^inal f^ 

, indicates that the disease has ;p4>gressed to: 

/ 'the tertiary stage. ■ . ; > 

/ (3) The spihal fluid is Reactive in about 
one fou rth of c ases in the secondary .'stage of 
syphilis, thus indicating that central nervous 
system involvement has begun, 

6^10. Celleidal Geld tesron Spiral Fluid: The 
colloidal gold test on spinal fluid was widely:; 
used in the past for the differentiation of the 
various types of neurosyphilis agd other cen- 
tral nervous system conditions. In the test^ a 
colloidal suspension of gold is added to seri«. 
ally diluted spinal fluid. Abnormal spinal 
fluid proteins 4ause partial to complete pre- 
cipitation' of the gold with a variety of color 
changes. More recently, this test was mainly 
used in the study of multiple sclerosis, but 
the H^t is being rapidly replaced by the 
gin^pler, and more reproducible, gum mastic 
and benzoin tests. 

SiCTiON D—OTHiR TESTS FOR SYPHIUS 

6-11. R©iter Pfotem C©Tnplem#rit Fixation (RpCF) 
■ Test. This test is the Kolmer compiement 
fixation method using an extract of the Rei- 
ter strain of treponeme as the antigen, In 
the test, complement is **fixed'^ during the 
^ reaction of the Reiter protein and trMone- 
mal antibodies in the syphilitic pafflnt'i 



.\ ' ■^ a'-'- .• . .;• '-^ . . 

;^fr^mrCbmplemerijt is» theriefpre, no longer 
available wh eh' tfie secohd antigen»piitjbody^ 

^ystem^^sl^eep erythrocytes and hemolysin, is . 
added^herAQlysls cannot ,pccur/ :The com- 

^plexity^and relative insensitivlty of the test 
originally led to the test^being essentially' 
replaced by the TPI test described In ^'the 
next par^tjgraph, Mwe recently, the FTA-: 
ABS teat' has feplacefci nearl^: all>other^^ 
neJnal tests for syphilisi ( ^ 

6^12, ^Treponertia Faindym ImmQbliliatidn (TPI) 
T#it. The TPI test tletecti treponemal an t^^ 
bo.dies 'that inim obi lige living^'Nichpls strain 
of T.7palltdrum in the presence of comple- 
ment* The requirement for live treportemes 
frbnj'rSbbits* tSStal seve^ 
cality of this test foi* the aVerag^Jaboratory. 



Although the' test is highly apeeific for trfepo* 
ifemal /diseases^ it has been essehtially ref- 
placed by the FTA-ABS test. Unlike the 
FT^»ABS test/the test freque 
comes negative following; treatment of the 
disease. , - \ ■ . 

6-13* Agtamated Reqgin'Teiti. AttemptB td au- 
^ornate, tests fo^ syphilis, ^have n^ainly in^ 
volved the use of the HPR carbon-containing 
antigens and various AutoAnalyger cotxipo*-^ 
hents OTechnijcoli Instruments Corp,). Most 
r^ent applications have in^folyedjcontinuous 
filtering of the reactants oh a moving strip of 
paper with visual interpretation of the floc- 
culated carbon partiiclpsv Test speeds of up to 
t OO/tor havW^^be^ n rSport^ d witfHT'l^sKutt^ 
equivalent to manually perfornied testa. 
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^ TlSti ra^ INFECtlOUS MONQNUCLeOSiS 



• 7-1, Introdurtien* Jnffietldus mononucleosis is 
an acute disaase,; characterl5e.d b^/ fevet, ^ 
tteadaah#v §oi?f throa^/ ehlar^ed;^ IS^m^ 
nodes, splenomegaly, m and niild h^i- 

titls; It'is: believed to .be caused^ By the 'fip- 
stein-Barr virus (or some girhiWr herpeslike 
virus) vwith trajisigission most^Hkel^ by inti- 
m0i or^I dontact. IToung aduK 
old) §tre most frequently affected; conse- 
quently/tjifectic^ a iigriifi- . 

canfr problem for the militdi^ i ervlcfes, 
\ ai* No known treatment is available foir 

vinfectious mononfl^leosis/but bed rest Usu- 

^: ally , resolves overt illness in 2 to 4 week^ 
i^itW only^^m fatalities or permaneht dm 
bilities,/ Aside , from tinie from the job,- 
the disease is rtiainly important because the 
sympt<ffms are shared by certain aeverei but 
treat^able, diseases/ The disease has^ been ; ^ 
rndst frequently miidiagnosed iriitialiy ;a^^^^ 
diphtheria or bacterial tonsillitis. In addi' 
tion; th4B disease must be differentiated from 
viral hepatitis and several other diseases; An ^ 
accurate differential diagnosis of infectious 
moridnucleosis is; based primarily on laBdra- 
tory studies along' with the typical clinical 

^observations. / ; 

b/One of the ^irst laboratory findings in 
infectious mononucleosis concerns the white 
blood cells* The wh^a- blood cell count is 
usually over 10,00p^r cmm with a differen- 
tial count of over 50 percent lymphocytes. In 
addition, atypical lymphocytes are presents ; 
The characteristics of these lymphocytes and 
atypicar lymphocytes can be found in the 
hematology manuals. However, because lym- 
phocytosis and atypical lympWocytes can also 
be found in other d is ease s^ serologic tests are. 
also necessary for the diagnosis of infectious 
mononucleosis. 



c. The serpdiagnosis of infectious mononu- 
cleosis is another good.^xample of the Use of 
crbss-reactivity in 'setdlogy. The majority of 

^ patienta with the disease, eventually produce 
antibodies (agglutinins) that agglutinate 
sheep and htfrse erythrocytei* Since these 
erythrocytes have no logical relationship to 
the. causative organism of the disease^ this is 
another example of cross-reactivity^shared 

/^aritigens among diffeTent spWies. Unfortu- 



nately^ the diagnosiH of infectious moridnu- 
clgo|ii:is Cj^pUcated by the factthat ^ 
micrqorgamsfha, as:'virell as pla^ and ani- 
malsV jjd.ssess antigenB that also can .stimu- 
late the prod^uctiori of sheep (and horse) 

erythrocyte agglutinins; Goilectively, thesfe 
j^tjgena.^p^ 

the ^antibodies— heterophil 
■ seftQ^iagnosis of infectious monuclebii^ ^n- 
y tail^.the.detection of/these hetferbphile anti-' 
bodiAg along with tll0 di^rentiation of tHe 
antibodies due to infectious mononucleosis 
from other heterophiie antibodies that might ' 
be present in the serum, Since these hetero- 
phfle tests are .relatively siinple, ' specific sero- 
logic ^sts using the virus probably never will 
become practicaL 
v: d. Serotests for heterophile antibodies can ^ 
l .be.divided into two categories* presumptive 

and di^rential tests. ; ' 
: (1) Presumptive Keterophile tests. Th 
are screening tests that utilise sheep eryth- 
Vqcytes (more recently, horse erythrocytes) 
as the antigen to; detect the presence of 
heterQphile antibodies. Several commercially .... 
available slide test kits have been developed^ \ 
Many of these slide tests also include re-; 
agents to identift?' tdifferentiate). the particu- 
lar heterophile antibody present/ 

(2) Differential heterdphile tests. Most ; . 
dlfjerential testi are based on the differen- 
tial absorption of the various types of hetero- . 
phile antibodies from the serum by suspen- 
sions of guinea pig kidneys (GPK) and beef 
(ox) erythrocytes (BE)^ One type of hetero-^ 
phile a^ibqdiet Js ad^rt^ by GPK only, 
another by BE only, ikd the third by both 
GPK and BE, Other di^rential heterophile 
tests are based on the use of enzyme-treated 
sheep erythrocytes; while still another test - 
detects ox erythrocyte hemolysins that are 
produced in response to infectious mononu- 
cleosis but not in other conditions that pro- 
dpce; heterophile antibodies. One of\these 
differential tests must usually be performed 
each time heterophile antibodies ace de* 
tected. 

7^2. Significance @f Heterophile Antlbodlei* As 

with any antigenic stimulation, heterophile 
antigens must first gain entry into the body 
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bafoi*e14i# RE syst ^fespond by pPodufi;f 

in^ aritibqdieB, For example,, heterophile; an- 

/ tigenij such as certain/gram^riegative bacilli : 

. of the intestinal tracfi m^^ 
mioor lesions of ^ w^lL Or a 

heterophils ahtigen may enter tKe body- by 
setting up Sn mfeitibnitsu the case with 
infectious monucledsis. Ihy addition, h^tero- ; 
^hile> antigens can bf introduced by . pareh- 
teral irifectipns of hors% serumi. fare 

■ occurrence today, but^ in the ree'ent past; 
sever^al disease?, 'Such as pneumonia and 
diphtheria^ weW treated with antisera pro- 
duced in ijorses^ Regard^ of the route of 

j^ntr^ of^tbe heteipphilje antigen^ , all stimuf 
late thCproBudtidh ot sheep ;^§€h^ocyte ag^ 
^glutinins' (heter^phile anti^piesj^ Fortu- 
nately, despite multitude If heterophile 
anti^nB that rna J be expfBed to, heter- 
ophile ahtibodiMfiah be coriv differ- 
entiated^ by abf orption «tudie% ^nd other 
methods into orfly three main types— Forss- 
man, serum siclAiess, ^nd infectious. rnQnonU:' 
cleosis types. This detection and differentia- 
tion of the three types of heterophile anti- 
bodies is the responsibility of the clinical 
serologist^ v ^ 

a/ Forssman (Native) Antlbodief. The hetero- 
phile antibodies that are produced in re- 
spbnse to incidental corttact with heterophile 

Antigens, such ai certain Salrnonella, Sfii- 

^ gella, and other bacterial species as well as 
several other antigens of plant or animal^ 
origin, are called Forssman or native ariti- 
bodies/ These antibodies are found in low 
titers, in nearly all nbrmal adults. The anti- 
bodies, have no clinical significance, except 
that, they must ^6e differentiated from other 
types of hetei^ophile antibodies. The differen- 
tiation is ^accomplished by absorbing the pa- 
tient- i serum (antibodies) with suspensions of 
guinea pig kidney (GPK) and beef (ox);eryth- 
roc3ftes (BE). Forssman antibodies are ab- 
sorSld from the serum by the GPK, but not 
by the BE. In other words, after absorption 
/With GPK, the serum no longer agglutinates 

'/\ sheep (dr horse) erythrocytes; while serum 
absorbed with BE still agglutinates sheep 
erythrocytes. The other two types of hetero- 
phile antibodies have different absorption 
patterns following treatment of serum with 

: GPK and BE. 

b. Serum Sickness' Antibodies. These sheep 
erythrocyte agglutinins are symulated in 
nian in Response to the injection of horse 
serum or products from horse serum. This 
type of heterophile antibody will rarely be • 
encountered today due to the declining use 
of horse serum injections. If present^ they 



may be differentiated froni other hf terophiie 
^^ntibodies by the fact that they are a^ 
from the semm by BOTH guinea pig kidney 
(GPK) and bfeef erytHrbcytes (BE); Of c6 
a history ofvhorse^serum kiJfjcUQn^ 
■'^cant'top,, • r^" ^ . ■ ■ . y- '"'-, 

c. infe£tiayi.M8nenu£l#oiii .Aritibedies. /Hetero-/ 



le antibodies d.iae to infectious rmohOhia-/ 
cleosis first appear in the s.eriMi/of a low 
peraentage nf patients during;the fir week 
oMlness^-^The precentage increases until the. 
majority of, cases have detectable titers by 
the fourth week, but the titers do not paral- 
lel the seyerity of the disease; These titers 
start to. dro^ rapidly after about , the fourth 
^weiK'arM rarely 

months* The peak titers of these antibodies 
are usually much higher than seen with 
Forssman and serum sickness, but usually 
the differential tests with GPK^^nd BE still 
inust be performed to specifically identify 
the source of the antibodies* Infectious mon- 
onucleosiE^ antibodies are absorbed by . BE, 
but riot by GPK— just the opposite pattern of 
Eorssman antibodies. * 
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Slide S€r#erilng Tett for Heterophile Antlb@d- 



a. Prindple. Patient's serum is mixed with a 
suspension of sheep erythrocytes'on a slide* 
Agglutination of ihe erythrocytes indicatei 
the presence in trie serum of unspecified 
heterophile antibodiks. 

b. Reagents and Equipment! 

(1) Patient"S serum, fresh or inactivated. 

(2) Positive and negative control sera 
(collected from previous patients or a'^ailable 
commfercially). 

(3) Sheep erythrocytes. Washed, 5'per- 
cent suspension in saline* NOTE: These cells 
should be at least 24 hours, but less than 1 
week, old. Defibrinated sheep blood for bacte- 
riojogic media may. be used if the cells are of 
the proper age, ' ^. 

(4) Saline, 0,9%. 

(5) Blood collecting equipment (see para- 
graph 3=2). 

(6) Slide rotator, set at 120 rjlm. 

(7) Microscope slides, glass.^ 

(8) Applicator sticks or toothpicks. 
C. Preliminary Stepst 

(1) Collect the patient*s serum. 

(2) Wash sheep erythrocytes with saline 
and prepare a 5 percent suspension of cells in 
saline as described in chapter 4, paragraph 
4-2, ■ ■ ' ■ 

(3) Thaw aliquots of positive and nega- 
tive control sera. Mix the sera gently and 
allow them to warm to room temperature. 



/ ; (4XIjabel sliidesjWrflbSitive cc^ nega> 
Wve cdfttrol, and patter\t's;Bef^^ / ^--^j 

■ /-^-zd^'Pii^Cfduffr:*';^^ r.V/- 

\^ : (1) Plade CM dropl^&f ea^;serum to He 

^laHeledl^ides. . ^ ^ 

' / (2) Add one drop of a 5 psrcerit iuspen- 
sion of sheep erythrpcytei to eiac!^ .serum 

. ;dropj and mix e&d^' through! >r, ; ^ : , 
J. (3) Rotate the slide for E minutes at 120 

■':rpmv' . . , ^ .^^r^- ' . / . 

: (4) IMMEDIATELY examine: the mix- 
tures fpr macroscopic Agglutination of the 
erythrocytes. - " 

e. Reporting Rtsults. If ^he contr^ols produce 
the expected resu Its , report Jthe patten ts* se ra 
as follows: 

(1) No. agglutihation^Sheep Erythrocyte 
Screening Test: Negative; / 

(2) Positive results (agglutination) should 
be confirmed by the PauKBunnell presump- 
tive test (see paragraph 7-4) or one of: the 
comnife^eiaikits.rT^ the Dav- 
idsohn differential heterophile test described 
in paragraph 7-6 or one o# the commercially 
availabre differential tests should be per- 
formed; 

f. Saurces of Irron- 

(1) Drying of the mixture may be coti- 
fused with agglutination^ ■ ■ 

(2) Certain lots of sheep cells may be 
either hypersensitive or insensitive to heter- 
ophile antibodies* Use of positive and nega- 
tive control sera will detect these problems. 
Cell suspehsions should be used only on the 
day they are prepared. 

V (8) A delay in reading the test after the 
rotation peripd may result in false positives 
due to delayed agglutination or drying. 

(4) All reagents and sera must be used at 
room temprerature. Cold reagents may result 
in delayed reactions. In addition, sera con- 
taining cold agglutinins may cause agglutin- 
ation. 

(5) If indicated, all negative patients 
should be retested at weekly intervals to 
detect delayed antibody production. ■ 

g. Dltcuisieni 

(1) This test detects only the presence of 
heterophiie antibodies. A differential test is . 
needed to identify the antibody present. 

(2) Several slide tests using horse Eryth- 
rocytes have been developed. Several concen- 
trations of cells are used. These tests are 
reportedly more sensitive than sheep cells 
and more specific for infectious mononucleo- 
sis. Several modifications are available com- 
^mercially. Some of these are described 
briefly in paragraph 7-6. 



'*^,'7r4y', Paul-iunnell Presumptlvt HtteropihllrTe^^ 
" J' ^a.^ principle; A suspeniion of •shefep erythto- , 
/c^ei is added.^to jiferi|dly dilute serun^K Ag- 
glutirmtiqn of ;th!l^ythrpc2^e^ the 
rpresencp jof ^ns^ h^terophile antibod- 
''■lei^^•■' W". • ■ \ ■ ^ 
' b. Rfagehts and Iqui^mehtt 

(1) Patient's seruM, inactivated.^^^ ^' :^ 
. (2) Positivie and neifative ^cbntroll 
(cpUected frpm previous patients or ayafl 
commercially.^ \ v ; 

f (8) Sheep .irythrpcyteSj .washed^ 2 per^ 
,r cent suspension in saline. NO'EE:;The^e efells 
should, be at leaat 24 hours, but less than 1 
week, old; Defibrinated blood may be used. 
(^SaMne, OJ^. 



(5) Blood coUecting eqUipmerit (see para- 
graph 8-2). : " ■ , \; ^ 

(6) Test tubes, 12 x ?75 rnmv , y r v ; 

(7) Pipets, aerorogical, 0.25 and i.O ml. 

(8) Water 56^. 
^ C^ Prellmmsry St#pir 

(1) TJiaw aliquots of positive and nega- 
tive control sera. NOTE: Only 0.1 ml of each 
serum is needed for'thectest. v 

(2) Inactivate the patient*s serum and 
both control sera at 66^ for 30 mirLutes. 

(3) Wash sheep erythrocytes with saline 
arid prepare a 2 percent suspension of cells in 
saline as described in cjiapter 4, paragraph 

^ 4-2. ^ - ^^ •_ ■ ; . ■ ' ' \ \ . . 

d. Pfoctdurei - 
. (1) Place 10 test tubes in; racks for each 
serum to be tested, including the control 
sera. ^ ■ -• 

(2) ^ With a 1.0 ml pipet, pldce 0.4 ml of 
saline in the first tube for each serum and \ 
0.25 ml in the remaining tubes. 

(3) With a 0.25 ml pipet, place 0.1 ml of 
INACTiyATED serum in^lie first tube. 
(NOTE: For greater accuracy, this pipet may 
be discarded at this point and a new pipet 
used for each tube,) Mix the contents of the. 

^ tube by aspiration and transfer 0.25 ml of 
Vsaline-serum mixture to the second tube* Re- 
peat this through the ninth tube from which : 
0,25 ml rff saline-serum mixture is discarded. 

(a) The tenth tube is an antigen control 
and receives no serum. Only one of these 
needs to be prepared for each batch of tests. 

(b) The serial dilution prepared in this 
manner is a twofold dilution starting with 
1:5 and ending with 1:1280 in the ninth tube. 
These dilutions will be increased when the . : 
antigen suspension is added. 

(4) Examine the tubes. Each should con- 
tain 0.25 ml of fluid if the dilution has been | 
performed properly* 

(5) Add 0.1 ml of a 8 perceht suspension 
■ '-. ' ' * '■■ ' ■-■ ■■'•=■=» ■ 

fi'y ' ' ■ . ' • ■ .: \ ' ■ 




of sheep er'ythrocyte to each tube, tr^is ^ 
rtiakfs the final serum dilution in the first, 
tube 1:7, the second 1:14, etc. ^ . r * 

(6) Shake the rack to mix the contents of 
the tubes and let them stand uridisturbed at 
ROOM TEMPERATURE for 2 hours- 

(7) At the end of 2 hours^ examine the , 
tubes for. agglutination by gently shaking '1 
the tube and comparing each with:- the cell 
control (tube #10). The tubes may be exam- 
ined with the aid of a hand lens or micro- 
scope mirror as shown jn chapter 5f figure 5- 
L Record the highest serum dilution showing 
definite agglutination. The PauUBunnelM 
presumptive test is shown- graphically in ta- 
ble 7=1, ^ ' ^ . 

e. Reporting Results. If the controls produce 
the expected results^ report the patiients' sera 
as follows: t 

(1) No agglutination— Less than 1:7, This 
is;the lowest serum dilution actually tested. 

(2) In positive tests* the highest serum 
dilution to prod^ice agglutination is reported 
as the titer.:4fOTE;. The serum dilution IN- 
CLUDES the dilution due to the antigen. 
Usually positive results will have to be 
tested by one of the differential heterophile 
tests. See paragraph 7--4g for a discussion of 
the signficance pf test titers* 

f, Souf€et of Errpr: 

(I) Certajn lots of sheep oells may be 
hypersensitive or insensitive to heterophile 
antibodies. Use of positive and negative con- 
trol will detect these problems. Cell 
s.uspe^^ns should be used only on the day 
they are prepared. 



^- (2) Unless the serum complenient is inac-~ 
:tivated, hemolysis may destroy the cells^ and 
^' obscure agglutination. Not all sera will con- 
tain sheep erythrocyte hemolysins, but the 
; complement must be inactivated in all sera 
t# avoid confusion. ; , 
*' (3) AH sera and reagents n:\ust be used at 
* rbom temperature. Cold reagents may result 
t tn Mflayed reactions. In additionj sera c6n-'= 
; taiHjfig cold, agglutinins may cause agglutin- 
Va^i^r ' ^ ^ :: ^ ; - T"'^^ : 

V H (4) Prozone reactions may occur with this 
vAest. For a discussion of prozone reactiohs 
. see chapter 2, paragraph 2-14. \ 

(5) If indicatedj all negative patiehts 
sliouW be reteBted at weekly intervals to 
detect delayed antibody production, because 
hot all patients will have detectable antibody 
levels when first tested, 
g. Diicusiieqi ^ , - 

(1) Aitho^||h titers of infectious mononu- 
cleosis vdntibodies are usually higher* than 
titers o(f other heterophile antibodies, titers 
have no relation to the. ^verity of the dis- 
ease. Liyer function tests are generally more 
reliable for foHowing the course of the dis- 
ease so .th^at the presumptive heterophile 
titer is us#d mainly as a basis for the perfor- 
mance ofjthe differential heterophile test. 

(2) TffierJ of 1:56 or less are considered 
negative! fpr infectious mononucleosis m the 
absence o|;eliriical and hematologic finJings. 

(3) 'Tifek of 1:224 or greatei\ are consid- 
ered to be%resumpti^e evidence of infectious 
mononucl^ogSs if clinical and hematologic 
signs are .present. In addition* the patient 
must not have had recent irijections of horse 
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serum. If these conditions are met, no, fur- 
ther testing is required, 

(4). A differential heterophile test must 
be performed in the following situations!- 

(a) A; presumptive titer of LESS than 
1:224, but the patient has signs of infectious 
mononucleosis. 

(b) A presumptive titer of GREATER 
than 1;224, but the patient has NO signs of 
infectious mononucleosis, 

(c) A presumptive titer of 1:224 or 
greater, and the patient has a history of 
iiorse serum injections. 

7-5, DavidsQhn and Differential Heferephile Testi 

a. Principle, When indicated by the findings 
of the presumptive test (see paragraph 7^g), 
separate ahjquots of the patient's serum are 
absorbed with suspensions of guinea pig kid- 
neys (GPK) and beef erythrocytes (BE). After 
centrifugation to remove the GPK and BE, 
the supemate from each antigen is retested 
by the presumptive test. A drop in titer of 
more than . three tubes indic^tjes absorption 
of the antibody by the given antigen. The 
absorption patterns for the three types of 
heterophile ahtibodies are summarized in ta-' 
ble 7-2. 

b. Reagenti and iquiprnenti 

(1) Guinea pig kidney' antigen, available 
comniercially. 

(2) Beef erythrocyte antigen^ available 
commercially, 

(3) Control sara/varipus types are availa- 
ble commercially. 

(4) Centrifuge. 

' (5) For other items, see paragraph 7-4b. 

c. Preliminary Steps: 

* (1) Determine from the presumptive titer 
and clinical data if the differential test is 
indicated. Record the presumptive titer for 
future reference. 

(2) Inactivate all sera at 56*C for 30 min- 
utes. NOTE: Only 0.4 ml of each serum will 
be needed for the test. 

(3) Reconstitute the GPK and BE anti- 
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Table 7f-2. Abserptien Patterns ©f Heterophile An« 
tibedits. » : 



gens according to the manufacturer's instruc-^ 
\tions. 

(4) Unless the GPK and BE manufac- 
turer's instructions use different times and 
volumes, absorb the patient's serum (and 
each control serum) as follows! ' 

; (a) GENTLY, but thoroughly: mix the, 
GPK and BE suspensions. 

(b) Pipet 1,0 ml of GPK and 1.0 ml of 
BE to tubes labeled "GPK^* and *^BE", respec- 
tively. ' . 

(c) Add 0,2 . ml of INACTIVATED 
sierum to each tube and mix GENTLY by 
tapping the tube, 

(b) Let the mixtures^ stand^at ROOM 
. TEMPERATURE for at least 3 minutes, , 
with gentle shaking at intervals. 

(e) At the end of the incubation period, 
centrifuge both tube! at 1500 rpm for 10 
minutes, ^ . ' 

(0 Carefully, collect at least Q^5 ml of 
supernate from each tube and perfornvthe 
presumptive test on each superfiate. NOTE: 
The supernate already represents a serum 
dilution of 1:5. 

d.. Profedurei 
(lX"Place two rows of 10 tubes eacji \q 
racks for each serum to be tested. Label one 
rovif /^GPK^S^nd the other **BE". 

(2) ^tarting with the SECOND tube of 
each row^ pipet 0.25 ml of saline into each 
tube. The first tube receivies no saline. 

(3) With a 0,25 ml pipet, place 0.25 ml of 
GPK supernate in the first and second tubes 
of the row labeled. "GPK'\ Pipet 0,25 ml of BE [ 
supernate into the first and second tubes of 
the row labeled "BE**. 

(a) The serum in the first tube needs 
tio additional dilution, because the dilution 
in the supernate is already 1:5. 

(b) For greater accuracy, the pipets 
may^'be 'discarded at this point and a new 
pipet used for each tube. ' 

(4) Mix the contents of the SECOND tube 
by aspiration and transfer 0.25 ml of super- 
hate-saline mixture to the third tube. Repeat 
this through the ninth tube from which 0.25 
ml of supernate-saline mixture is discarded. 
The tenth tub^ is the antigen (sheep cell) 
control and receives no supernate. 

(5) Repeat step #4 until all supernates 
a^^iluted. , 

{,6) Examine the tubes. Each should con- 
tain 0.25 ml of fluid if the dilution has been 
performed properly. 

(7) Add 0.1 ml of a 2 percent suspension 
of sheep erythrocytes to each tube. Thip 
makes the final serum dilution jn the first . 
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Table 7f-3. Dovidsohn Differential Hetemphile Test. 
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tube 1:7, the second 1 •14, etc. — =the same as in 
the presumptive test. 

(8) Shake the racks to mix the contents 
and let them stand undisturbed at ROOM 
TEMPERATURE for 2 hoursV 

(9) At the end of 2 hours, record the titer 
of each supernate. The performance of the 
titration part of the Davidsohn differential 
heterophile test is shown graphically in table 

ie. Repoftjng Rasults. Before any results can 
be reported, the control sera must yi^d the 
expected results. If they do, proceed as folr 
lows: 
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(1) Record the presumptive heterophile 
titer, as well as the titers of the supernates 
following absorption with GPK and BE, on 
the patient's laboratory slip. 

(2) Compare the titers of the supernates 
from the GPK and BE absorption with the 
presumptive titer. Significant absorption by 
the GPK and/or BE is indicated by a drop in 
titer of MORE than three tubes when com- 
pared with the prGsumptive titer. Use table 
7-2 to determine the heterophile antibody 
present. Examples of differential test find- 
ings are provided in table 7^» , ' 

(3) Add a statement to the p^tifent' s labo- 
ratory slip, such as J -positive for infectious 
mononucleosis antibodies'* or some appropri- 
ate comment, 

f, Ssuries of Erreri 

(1) The sources of error listed for the 
presumptive heterophile test (see paragraph 
7-4f) also apply to this tfest, 

(2) The manufacturer's instructions must 
be followed scrupulously for the reconstitu- 
tion and use of the GPK and BE antigens, 

DiS£ussieni 

(1) Occasionally, GPK and BE absorption 
patterns will not fit the three categories 
listed in ta;ble 7-2. " ' 

(2) Several commercially available slide 
tests have been developed that incorporate 
presumptive and differential features into 
the same test.. Some of thes6 tests are based 
On' GPK and BE absorption but offer the 
advantage of speed^a critical commodity in 
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the cliniGal Uiborptory. These tests apeT^p- 
idly making the PauUBunnell and Da/tridsohn 
tests impracticaL if 

(3) Due to the declining use of horse 
' serum infections, the differential heterophile 
test could actually be adequately performed 
using the GPK antigen only. However, the 
use of the BE antigen does serve as a double 
check oh the GPK results. _ 

7-6. Mlsctllaneeys Heterophjie Tests Several 
Other tests for ;infectious mononucleosis are 
in use. Most of these are modifications of the 
basic PauKBunnel presumptive and the Dav^ 
idsohn differential tests; a few are based on 
different principles. The principle of several 
of these t§Bts will be described briefly. and 
one or two examples given when commercial 
products are available. In all cases, be sure 
to adhere to the manufacturer's instructions 
in performing these tests. 

a. On Hemoiysm Test. In this test ox (beef) 
erythrocytes and complement are added to 
serially diluted serum/ Patients with infec- 
tious mononucleosis produce higher titers of 
ox hemolysins than normal individuals. Var- 
ious modifications of this test are in use* but 
titers of more than 1-40 to 1:48 are usually. 

. considered indicative of infectious mononu- 
cleosis. This test has been found to bie quite 
specific and sensitive, but time-consuming. 

b. Tests with pQpaln-tredted Sheep i^threeytei- * 
^ The proteolytic enzyme, papain, has "been 

found tds^destroy the receptor sites for infec^ 
tious mononucleosis antibodies ,on sheep 
erythrocytes. Serum is tested against both 
papainized and untreated she.ep cells. In in^ 
fectious mononucleosis, the untreated cells 
agglutinate, but the papainized cells do not, 
or else their agglutination is delayed when 
compared to the untreated cells. Examples of 
commercial procedures using this principle 
are the Bacto-Hetrol Slide Test (Difco) and 
MonoStat (COLAB). 

C Modified PresMmptive Tests Using Horse irvthr©» 
cytes. Horse erythrocytes have Jeen found to 
be rhore sensitive with fewer false positives 
than sheep erythrocytes for the detection of 
infectious mononucleosis antibodies. Both 
formalinized cells and cells preserved in 3 8% 
citrate give acceptable results. Several con- 
. ceritrations of cells have been tested. In addi- 
tion; when properly stored, these cells are 
stable for- up to 1 year. Examples of slide 
tests using formalinized horse erythrocytes 
are the I.M,; Kit (Microbiological Research 
Corporatipn) and Mono-Test (Wampole). ; 

cl. Modified Dsvidsohn Plfferentiol Tests. A num- 
ber of slide modifications of the basic GPK 
and BE absorption test are available com^ 



■ • ■ ■ 7^ 

mercially, Since absorption t^ts seem to be 
the most widely accepted • method for the 
differential identifiGation .of heterophile anti^ 
bodies, these slide^ tests offer a distinct ad^ 
vantage— speed— over the original tube test. 
In addition, these^tests delete the need for a 
presumptive t^st.'An example of a slide di^ 
ferential heterophile test that uses the^tradi- ^ 
tional sheep cells as the indicator antigen is 
the Monosticon (Organon, Inc.) test. Another 
test kit from. Organon, the Monosticon Dri^ 
Dot, consists of separate spots of dried GPK 
arid horse erythrocytes on a paper card. The 
serum is added to. the GPK. Then, this mix^ 
ture is stirred into the horse erythrocytes. 
Another test kit that uses horse- erythro- 
cytes, but in suspension form, along with 
both GPK and BE suspensions is the Monos- 
pot Slide Test (Ortho). An important consid^ 
eration in using any of these tests is to be 
sure to follow the manufacturer's instruc- 
tions at all times. Although some of these 
manufacturers include procedures for titrat- 
ing the antibodies, titrations would not ap^ 
pear to be economically feasible in view, of 
the fact that the titer does not parallel the 
aeverity of the disease. Liver function tests 
are ^considered to be better than titrations . 
for followii^ the course of the disease. . 
7-7. InttrpretatlQn of Results. In making a di- 
agnosis of infectious mononucleosis, the phy- 
sician must consider the hematologic, clini- 
cal, and serologic findings, as well as the 
history of the patient. Of these, the serologic 
finding^s provide the most specific evidence of 
diseaife^-expecially if one of the differential 
heteroptiile tests is uged. These tests are^ 
needed to identify the antibddy present. 

a. Ferssman (Native) Antib©dies. These are 
usually present in low titer in most normal 
adults. They are absorbed from the serum by 
GPK and not by BE suspensions. Forasman 
antibodies nave no clinical significance ex- ^ 
cept that they must be differentiated from 
other heterophile antibodies, 

b. Sepum Sickness Antibodies, These antibodies 
may reach relatively high titers. As the use 
of injections- or horse serum products has 
declined, these antibodies have become more 
rare. If present, they are absorbed by both 
GPK and BE suspensions. 

C. Infeetieui Mononuclecsii Antibodies, These 
antibodies may reach very high titers dwring 
the disease, but not all patients produce de^ 
tectable levels ^at the same point in the dis- 
ease. A presumptive titer of 1:224 or greater 
with sheep erythrocytes is considered evi^ 
dence of disease when hematologic, clinical, 
and historical findings are consistent with 

>*f ^■ 
/I 



infectiQUs mononucleoBia. At other timeSi a 
differential heterophile test may be required. 
These antibodies are absorbed by BE but not 
GPK suspensions. The presence of ox hemo- 
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lysins and the inability of these antibodies to 
agglutinate papainized sheep erythrocytes 
can also be used to identify the diseaae as 
infectious mononucleosis. 
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Chapter 8 

TiSTS FOR PRIMARY ATYPICAL PNIUMONIA 



8-1. Intreducflon. Primary atypical pneu- 
monia (PAP) is a term use^^ to describe a 
syndrome that is different fro^the "typicaP* 
lobar prieumonia caused Streptococcus 
( Diplococciis) pneumoniae.. For many years, 
PAP was used as a synonym for >iral pneu- 
monia, because the syndrome was considered 
to be caused by various viruses. In facts some 
^ses are due to viruBes; however, sinoe the 
^aracterization of the. Eaton agent (long 
thought to be a virus) as a pleuropneumonia- 
like^ organism, Mycoplasma pneumoniae, 
PAP has been used primarily for Eaton 
agent pneumonia. A high percent of the 
cases of PAP were found to be caused by the 
Eaton agent. More specifically, the disease is 
calied^cQld agglutiSiin-positive PAP, as 
well as Eaton agent pneumonia, to differ-^ 
entiate it from other atypical pneumonias. A 
correct differential diagnosis of PAP Is, im- 
portant because the disease responds to anti- 
biotic therapy, but viral pneumonias do not. 
This chapter is limited to- the serodiagnosis 
of cold agglutinin-positive primary atypical 
(Eaton agent) pneumonia. 

a, Cold agglutinin-positive PAP is ah acute, 
selMimited disease. Early symptoms of 
chills, fever, cough, headache, and malaise 
are also seen in several other acute respira- 
tory tract infections. Some of the diseases 
that must be considered in the differential 
diagnosis are influenza, adenovirus infec- 
tions, Q fever, psittacosis, and othars. In 
addition, all of these diseases may show 
chest x-ray changes, but these changes may 
be present in PAP even in the absence of 
overt symptoms. 

b. There are several other differences be- 
tween these related diseases and PAP. For 
example, PAP has a longer incubation pe- 
riod, and the course of the disease is generally 
longer than with the other diseases men- 
tioned above. In addition, PAP does not occur 
in epidemic proportions, and there is not as 
much seasonal variation in the incidence of 
cases as seen with certain of the similar dis- 
ea'ses. These characteristics of PAP are gen- 
f rally considered to be due to the fact that the 
disease is not highly contagious; although, 
under crowded conditions, such as in institu- 



tions Of the military, a high percentage of the 
members eventually contract at least subclin- 
ical cases. In many of these cases. Mycop- 
lasma pneumoriiae may be cultured, and the 
patient may show a rise in antibody titer even 
in the absence of symptoms. 

8-^2. Types of Antibediei. The isolation and 
identification of Mycoplasma p7ieumoniae is 
a rather slow process; therefore, most cases 
of primary atypical (Eaton agent) pneumonia 
- %viir be diagnosed serologically. There are 
^several types of antibodies produced during 
the disease. Consec(uently, several serologic 
tests have been developed to detect these 
antibodies. Some gf the tests are beyond the 
capability of the average cl in Teal laboratory, 
but three of these 'newer tests will be de^ 
scribed briefly as they may become more 
prevalent in the future. Tests for two other 
antibodies (cold and StreptococcuB MG agglu- 
tinins) will be presented in greater detaih As 
with most serologic tests, detecting a rise 
(fourfold) In antibody titer is most signifi- 
cant. 

a. Immunoflupreseent Antibodies. These anti- 
bodies are detected using the indirect flu- 
orescent antibody technique with sections of 
lungs from chick embryos infected witli My- 
coplasynct pneurnoniae serving as the anti- 
gen. This test has proven to be highly spe- 
cific and sensitive for diagnosing this dis- 
ease, but the limitations for the average 
clinical laboratory are obvious. To date, the 
use of M. pnetimoniae grown in culture as 
the antigen for this test has been less suc- 
cessful than using infected chick embryos. 

b. Growth-^lnhlbltlng Antibsdi#i. These anti- 
bodies may b€ detected by their ability to 
inhibit the growth of M. pneumoniae in cul- 
ture. The organism is added to the patient-s 
serially diluted iierum in a medium contain^ 
ing tetrazolium. If these antibodies are pres- 
ent, the organism does not'grow^ and the 
tetrazolium is not reduced to a red form. The 
main limitations of this procedure are the , 
need for live M. p-neumoyiiae Bnd the orga- 
nism's slow growth— the test takes about 1 
week to complete. Despite these limitations, 



this teat, has proven to be highly sen^tive:; 
arid specific for the serDcliagnosis of PAP. , 
c lndire€t Hemagglutination Antibodies (IHA). 

These antibodifB are detected by mixihg the 
patient^s serially diluted serum with tanned 
sheep RBCs that have been coated with soni- 
cated A/, pneumoniae. Agglutination of the 
RBCb indicates the presence of antibodie&. 
This teBt' is usually considered to be too 
sensitive because the antibody titer rises to 
high levela so early the disease that a 
subsequent rise in tite|; rriay be undetectable. 
This test hm been adapted to the Microtiter 
system and may soon actiuire a prominent 
role in the serodiagnosis of PAP; however, 
the procedure will not be included in this 
manual. 

d Streptococcus MO Agglutinins. About half or 
less of tHe patients with PAP produce bacte- 
rial agglutinating: antibodies (agglutinins) 
against StreptoaoccuB MG. Generally the 
presence of these agglutinins parallels the 
severity of the disease but their absence _doeg 
not rule out the disease due to frequent fafee 
negatives, On the other hand, only rarely are 
fal^e positives encountered against the 
. Streptococcus MG antigen, but the true rela^ 
tionship of Streptococcus MP with M,.pneH- 
moniaeis unknown.^oth organisms nmy be 
simultaneously isolated from cases ot PAP. 
but there appears to be no direct relation. 
^ ship of Strepioeoccus MG with the disease. 
Even though the significance of these Strep^- 
tococmts MG agglutinins is unknown and 
they are not always produced, their detec- 
tion still provides a simple aid in the diagnot 
sis of PAP.. The test procedure will be cov^ 
ered later in this chapter. 

e Cold Hemagglutinins. These are antibodies 
that agglutinate RBCs (including the pa- 
tient's RBGs) in the. cold but the RBCs 
perse when the mixture is heated to 37°G 
The usual test temperature is about 4T^, but 
the temperature at which the antibodies 
react varies with each patient. Some pa- 
tients may produce antibodies, that react at 
tamperatures as high as 35^0, This variabil- 
ity of reaction temperatures is especially im- 
portant in specimen collection, because the 
patient\s RBCs may absorb the antibodies 
from the serum before the. serum is sepa- 
rated from the cells if the blood has cooled 
. too much. Proper blood collection for this test 
will be covered later in this chapter. 

(I) Unfortunately, not . all patients pro- 
' duce detectable cold agglutinins during th^ 
course of Eaton a^'ent pneumonia. Although 
' qold agglutinin production seems to parallel 
the severity of .the disease, various studies 
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have shown that as few as 30 percent to as: 
many as over 90 percent of patients actually 
produce these antibbdiesv In addition, sev- 
eral other disease conditions result in the 
production of cold agglutinins^ but only 
rarely are these antibodies produced -in a 
pneumonia other tnan PAP. 

(2) Even with the false negatives and 
false positives the test for cold agglutinins 
still provides a simple jaboratory test tor 
PAP. The test is more valuable when per- 
fprmed in conjunctioh with another test for 
PAP. The most simple combination is to per- 
form this test along with the StreptQcocciia 
MG agglutination test. 

8^3. Screening T^st for Cold Hemagglutinini (Oar- 
row, Modifiedji 

a. Principle. Blood from venipuncture or cap- 
illary puncture is added directly to an equal 
volume of 3.8 percent sodium citrate, and the 
mixture is chilled. Agglutination of the 
RBCs, that disappears when the mixture is 
rewarmed to body temperature, indicates the 
presence of a significaht titer of cold agglu- 

" Vinins. * ■ 

b* Reagents and Iquipmenti 

(1) Blood collecting equipment (see chap= 

ter 3). . . , uu 

(2) 12 X 75 mm test tube with rubber 

stopper 

(3) Frosted ice-cube tray. 

(4) 3,8% sodium citrate. NOTE: This con- 
centration is used for many coagulation 
studies and is available commercially in vac- 
uum tubes. . ^ 

c. Preeedurei . _ 

(1) Add 0.2 ml of freshly drawn, blood to 
0.2 ml of 3,8 percent sodium citrate in a 12 x 
75 mm test tube, stopper the tube, and mix 
the contents. 

(2) Holding only by the stopper, rub the 
entire test tube in the ice crystals on the 
frosted ice=cube tray. When the tube is cov- 
ered with ice crystals, lay the tube on its side 
on the cold tray for 15 secqnds. 

(3) At the end of 15 seconds, grasp the 
stopper and examine the tube for agglutina- 
tion of the erythrocytes. 

(a) If NO agglutination is seen, i;eport 
the screening test as **negative'* for cold ag- 
glutinins. 

(b) If agglutination is present, warm; 
the test tube to body temperature by holding 
the entire tube tightly in the hand for a few 
seconds. If the agglutination disappears dn 
warming, the, screening test may be reported 
as '^positive*' for cold agglutinins, and the 
titer of these agglutinins should be deter- 
mined by the method given in paragraph 8-5, 
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(1) Cpld; agglutinins appear in the blood 
about 1 week after the onset of disease, Peak 
titers are reached in about 2 to 3 weeks, and 

.the titers start to falf at about the fourth 
week. 

(2) When compared with the titration 
test for cold agglutinins* this screening test 
was found to be negative at a titer of 1:16 or 
less. The test was occasionally positive at 
1:32, usually positive at 1;64, and^ always 
positive at titers of 1:256 or greater. 

(3) A cold agglutinin titer of 1:64 (and 
occasionally 1:32) on a single specimen is 
considered to be significant. A fourfold rise 
in titer on a subsequent specirnen would 
have greater significance, Even a screening 
test that changed from negative to positive 
at a later date would most likely be a signifi- . 
cant finding. 

(4) The agglutination that disappears 
when the tube is warmed may be reinstated 
by chilling the mixture agafn. • 

(5) As an alternative to chilling the tube 
on ari"^tc€-cube tray, the mixture could be 
refrigerated "at 2*C to 4*C ovfernight, but this 
apparently will not increase the sensitivity 
of the screening test: 

(6) A positive screening teat should be 
followed by titration of the cold agglutinins 
in the serum. This Will make it possible to 
identify 'a rise in titer in- a subsequent specij ; 
men. p 

8-^. Xolleeting Blsad for Celd Hemagglutinin Ti= 
^ration: 

. a, PHnelpI©. AltKough^^fts^pecial ^ 
are needed fon /collecting serum for most 
serologic tests, lj(oHecting serum for cold ag- 
glutinins is an e^reeption. This is because the 
cold agglutinins can be absorbed from the 
serum by the patient's RBCs as the blood 
specimen cools. To prevent this, the blood 
must be maintained at 37^C until the serum 
can be separated. 

Raagenti and Equipment: 

(1) Blood collecting equipment (see para- 
graph 3-2). 

(2) Water bath, 37*^C. 

(3) Centrifuge, 
Procedure? 

(1) Prewarm the syringe and/or vacuum 
tube (without anticoagulant) to body temper- 
ature by holding them' tightly in the hand for 
2 to.3 minutes. Also prewarm the tube that 
will receive the blood if a syringe is to be 
used, 5 

(2) Perform a venipuncture as outlined in 
paragraph 3-2. NOTEVThis test requires 0,3 
ml of serum. " .. 



(3) Keep the blood at body teniperature 
(for example-, held tightly in the hand) and 
put the tube in a 37"id wate^r bath or incuba- 
tor. • _. 

(4) Allow the blood to clot at' 37X for 
about .30 minutes, ring the clot, and centri- 
fuge the contests IMMEDIATELY for aboiit 
3 to 5 minutes. 

(5) IMMEDIATELY separate the serum,: 
making sure that it is cell-free. 

(6) Ideally the serum .should be tested as 
soon as possible after collection, but celUfree 
serum may be refrigerated or fro'/^en until it 
is tested. ^ 

8-^5. Titration of Cold Hemagglutinins: 

a. Principle, Serum collected and separated 
at body , temperature is serially diluted, a'nd a 
suspension of human groups erythrocytes. is 
added to each tube. After incubation in the 
refrigerator at 2°C to 4^C, the tubes are ex- 
amined for hemagglutination. If agglutina- 
tion is'present, the tubes are incubated at 
Sl^C and reexamined. The agglutination, if 
caused by. cold agglutinins, should disappear 
at The titer is reported as the recipro- 
cal of the .highest dilution of seru);ii causing^ 
definite hemagglutination that-'disappears 
on warming. ^ ^ . 

b. Reagents sfid Equipment; 

(1) Fresh (not inactivated) serum, col- 
lected at 37^C (see paragraph 8^4). 

(2) Positive control sei^m (collected from 
a previous patient and stored frozen). 

(3) Saline, 0.9%. . _ : . 

(4) Human group 0 erythrocytes, 1% sus- 
pension in saline. (The patient's own cells 
may also be used*) Reasohably fresh blood 
should be used. 

(5) Pipets, serological, 1 ml. 

(6) Test tubes, 12 x lb mm. 

(7) Refrigerator, 2^C to 4^G. 

(8) Water bath, 

C. Prellrninary Stepsi e 

(1) Collect serum at 37^0 as described in 
paragraph 8=4. 

(2) Wash human group O erythrocytes (or 
patient's erythrocytes) in saline and prepare 
a 1 percent suspension of cells in saline as 
described in chapter 4, paragraph 4^2. 
NOTE: If the patient's ov^n cells are used, be 
sure to remove as much plasma as possible 
at 37"C before processing the cells. This will 
minimize adsorption of antibodies the 
erythrocytes. 

(3) , Thaw and mix an aliquot of the posi- 
tive control serum. 

d. Procedure- 

, (1) Place ten- 12 x 75 mm test tubes in a 
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, rack. Repeat this for each Berum to be , tested, 
\ii^luding the cdntrol serum, 
^(2T Add 0.3 ml of saline to each tube. 

(3) Using a II) ml pipet, add OJ^Iiil of 
frfe^^Cnot in^^vatedj serum tp^he. first 
tubeTtNOifir^or greater accuracy, this pi- 
pet may be discarded at this point and a new 
pipet used for each tube.) Mix the contents of 
the ttibe by aspiration and transfer 0.3 ml of 
saline^seriim mvKture to the second tube. Re- 
peat this through the ninth tube, from which 
0,3 ml of saline-serum mixture is discarded. 

(a) The tenth tube is a bell control and 
.receives no serum. ' 

(b) The serial dilution prepared in this 
manner is twofold starting with 1:2 and end- 
ing with 1:512 in th^ ninth tube. These dilu- 
tions will be doubled when the |Eell suspen- 
sion is added. 

^ (4) Examine the tubes. Each should con- 
.tain 0.3 ml of fluid if the dilution has been 
performed properly, , ^. 

(5) Add 0.3 ml of a 1 percent suspension 
of washed human O^cells (or the patient's own 
cells) to each tube. This makes the final^ 
serum dilution in the first tube— 1;4, the 
second^l:8, and so forth. ^ 

(6) Shake the rack to mix the contents of 
the tubes and refrigerate all tubes at 2^C to 
4^C overnight, NOTE: A preliminary readmg 
may be made after 1 hour in the refrigerator. 
High titered sera will usually show signifi- 
cant reactions in 1 hour. - ^/ 

il) Examine the tubes IMMEDIATELY 
after removal from the refrigerator Check 
the cell control (tube #10) first; this tube 
should have no agglutination.. Hold each 

/ • ■ 

Table 8-1. Cold, Hemagglutination Titration Test. 



tube in 'good light, flick the bottom, ^ahd 
examine for agglutination. A hand lens or 
concave mirror may be used to aid reading, 
Record the highest dilution of serum that 
still. givei visible agglutination. 

(8) Incubate all tubes showing agglutina- 
tion in a 37*C water bath for 30 minutes and 
reexamine for agglutination. AH agglutina- 
tion, if due to cold aggluttoins^ should disap- 
pear at 37^C. The cold hemagglutination pro-- 
cedure is shown graphicariy in table 8^1. 

Reporting Retuiti/ If the controls produce 
the expected results^ report the patients' sera 
as follows: 

(1) No agglutination— Less than 1:4. This 
is the lowest serum actually tested. " ™ 

(2) In positive tests, the highest serum 
dilutioh to produce visible agglutination that 
disappears on warming is the titer. NOTE: 
The serum dilution INCLUDES the dilution 
due to the antigen. 

f, ipgr€@s of ifron 

(1) Allowing the patient's blood to cool 
before separating the serum may result in 
agglutinins being adsorbed by the patient's 
erythrocytes; 

(2) The test must be read immediately, 
after removal from the refrigerator because 
cold hemagglutination will disappear rapidly 
as the tubes warm, ^ 

(3) The presence of cold agglutinins must 
be confirmed by warming the tubes to 37"C. 
Agglutination, if due to cold agglutinins, 
should disappear at this temperature. 

(4) A positive control serum of known 
titer should be included with each test series 
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as a check on tHtf suitability of the erythro^ 
cytes selected as the antigen, , 

(1) Cold agglutinins appear in the blood 
about 1 week after the onset of disease. P§ak 
titers are reached^in about 2 to 3 weeks, and 
the titers start to fall at about the fourth 
we'^k. Only abbut 5Q percent of patients with 
primary atypical pneumonia produce cdld ag- 
glutinins» but the. percentage increases with 
the severity and duration of the disease. 

(2) Cojd agglutinins are frequently pro- 
duced in several other conditions, such as 
certain liver diseases, blackwater fever, ac- 
quired hemolytic anemias, pre^ancy, trypa- 
nospmiasis and others. The antibodies in 
-some of these diseases are present in the 
blood permanently; in others, they are tran- 
sient. Fortunately, all of these diseases are 
readily differentiated from primary a|^ical 
(Eaton agent) pneumonia. 

(3) Although a fourfold or greater rise in 
cold agglutinin titer is most significant^ a 
titer of 1:64 (occasionally 1:.32) on a single 
specimen in the presence of pneumonia is 
usually considered to be a significant find- 
ing. Of course, a negative test does not rule ^ 
out the ppssibility of active disease due to 
the high percent of false-negatives. 

(4) Testing at weekly intervals is most 
efficient for detecting rising cold agglutinin 
titers. \ 

8-6. Streptococcus MG Agglutirration 

a. Principle. The patient's serum is serially 
diluted iri saline, and a suspension of the 
bacterium, StreptqcaccUB. MG, is added to 
each tube. After incubation at 37^C, then 
overnight in the refrfgerator followed by 
reineubation at 37^C/the tubes are examined 
for bacterial agglutination. The titer is re- 
ported as the highest dilution of serum that 
produces definite agglutination, 

b. Reagenti and Equipment! 

(1) Fresh (not inactivated) serum. 

(2) Positive control serum (coUedted from 
a previous patient and stored fro^eh or com- 
mercially available StreptococcuH MG anti-^ 
serum may be used). 

(B) Streptococcfh MG suspension (availa- 
ble commercially), diluted according to the 
manufacturer's instructions. 

(4); Saline, 0.9%. 

(0) Testtubest 12 x 7&mm, 

(6) Pipets, serological, 1 ml, 

(7) Water bath, 37"C. 

(8) Refrigerator, 2^C to 
V. Rfellmlnary Steps: 

(1) Collect blood and separate the serum 



according to chapter 3. Fresh serum (0.3 nil) 
is needed, but no special collection tech- 
niques are required. 

(2) Determine the quantity of Streptacoc- 
CHS MG suspension required and dilute stock 
suspension to the required volume with sa- 
line according to the manufacturer's instruc- 
tions. 

(3) Thaw and mix an aliquot of the posi- 
tive control serum, 

d» Procedural 

(1) Place ten 12 x 75 mm test tubes in a 
rack. Repeat this . for each patient's serum 
and control serum to be tested, 
: (2) Add 0.3 ml of saline to each tube, 

(S) Using a bO ml pipet, add 0.3 ml of 
fresh (not inactivated) serurii to the first 
tube. (NOTE. For greater aecuracy, this pi- 
pet may be discarded at this point and a new 
pipet used for each tube.) Mix the'contents of 
the tube by aspiration and transfer 0.8 ml of 
saline-serum mixture to the second tube. Re- 
peat this through the ninth tube, from which 
0,3 ml of saline-serum mixture is discarded. ■ 

(a) The tenth tube is an antigen control 
and receives no serum, 

(b) The serial dilution prepared in this 
manner is twofold atartirig with 1:2 and end- 
ing with 1:512 in the ninth tube. These dilu- 
tions will be doubled when the antigen sus- 
pension is added. 

(4) Examine the tubes. Each should con- 
tain .0.3 ml of fluid if the dilution has been 
performed properly. 

(5) Add 0.8 ml of properly diluted Strepto- 
coccus MG suspension to each tube. This 
makes the final serum dilution in the first 
tube— 1^4, the second— 1:8, and so forth. 

(6) Shake the rack to mix the contents of 
the tubes and incubate the tubes in a 37^C 
water bath for 2 Hours. ^ 

(7) At the end of 2 hours at 37^0, incubate 
all tubes in the refrigerator (2*C to 4^C) over^ 
night. \ * 

(8) The next day, reincubate the tubes %t 
37°C for 2 hours and read for agglutination o& 
the bacteria by flicking the bottom of the 
tube and examining the contents with the 
NAKED eye. Record the highest serum dilu- \ 
Hon showing definite agglutination. The 
Streptococcus MG test is sKown graphically 
in table 8^2. 

e. Reporting Results, If the controls produce 
the expected results, report the patients' sera 
as follows: (\ 

(1) No agglutination— Less than 1:4; This 

is the lowest serum dilution actually tested. : 

(2) In positive tests, the highest serum j 
dilution to produce agglutination that is visi^ / 

* r -- ■ • . . ■ 
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ble to the naked eye is the titer. NOTE: The 
serum dilution INCLUDES the diUition due 
to the antigen, 
f , S^W€#f i&f £rrori 

(1) The serum must not be inactivated. 
= (2) The positive bontrol serum of known 
titer serves as a control of the sensitivity of 
^ the antigen and should be included with each 
test series. 

Discuiiioni * ^ 

(1) StreptocQCcus MG agglutinins appear 
in the blood about 1 week after onset of 
dUease. Peak titers are reached in 2 to 3 
weeks. As with the cold agglutinins, only 
about 50 percent of the patients with pri^ 
mary atypical'pneumonia produce detectable 
StreptoaocciiH MG agglutinins, but this per- 
centage also increases with the severity and 
duration of the disease. Therefore, like a 
negative cold agglutinin test, a negative 
StreptacocCHH MG agglutination test does not 
rule out the presence of primary atypical 
(Eaton agent) pneumonia. 

(2) The StreptococcUB MG agglutination 
■ test has one main advantage over the cpld 

agglutinin test— very; few false positives. Al- 
though low titers of StreptococcuB MG agglu^ 
tinins may be present in normal patients, a 
high titer or a fourfold or greater rise in titer 
usuaUy suggests primary atypical pneu- 
monia. ? 

8-7/ Interpretation of Reiijjjs. Until the tests 
for immunofluorescent, indirect heniagglu- 
tination. and growth^nhibiting antibodies 
become more practical for the average clini^,^ 



cal. laboratory, the simultaneous perfor^ 
mance of the tests for cold agglutinins and 
^reptoadcctis^ MG agglutinins provides the 
most useful information for the serodi^ 
agnosis of primary atypical (Eaton agent) 
pneumonia. Several pbsiible tombinations of 
results can be seen with these two tests. 

a. For a given patient with PAP, broth 
tests may be pdsitive, one or the other nega- 
tive-or both may be negative. Both tests are 
more likely to be positive if the disease is se- 
vere or of long duration* 

b. Although sfiveral conditions can cause 
false-positive cold agglutinin tests (see para^ 
graph 8^5g),^a positive StreptococcuB MG test 
usually is indicative of primary atypical pneu- - 
monia. However, if either or both tests dem- 
onstrate a fourfold or greater rise in titer in 
conjunction with symptoms of pneumonia, 

.Mycoplas77ia pneumoniae is the most likely 
cause of the condition. 

c. Fals'e-negative test results with these 
two tests also pose a significant interpreta- 
tion problem due to the high percentage of 
these false negative^. Even if both tests are 
negative, the patient still may'have PAP. In 
connection with these false negatives, the 
time of collection of the serum sample must 
be considered, because antibodies for both of 
these tests do ndt normally appear in the 
blood during the first week of the disease if 
they appear at all. Ideally, performing both 
tests on serum samples collected at weekly 
intervals during the disease and on into con- 
valescence should provide" the best chance 
for serodiagnosis of this diseas^ 
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Chapter 9 



ANTISTRtPTOLYSIN-O TITER 



9^1. Signifieanee of Antlitreptolysin-O Antibodits. 
Streptolysin-O is an oxygen^labile hemolysin 
that is produced by most strains of group A 
streptococci. The hemolysin is highly anti- 
genic, and even a simple "strep throat" may 
stimulate the production of antibodies that 
can neutralize the hemolytic effect of strep- 
tolysin-0. These neutralizing antibodies are 
referred to as ASO or AST O antibodies- 
short for antistreptdlypin-0. These same 
group A streptococci may also produce sev- . 
eral other antigertie:^^^ Detecting 
ASO antibodi^es and aatibodies against these 
Qther exoeh^^mes. is he in the diagnosis 
of present or recent streptococcal infectionj 
especially if cultures mre not productiveM^ 
Some of the suppuratiye streptococcal dis- 
eases, in addition to streptococcal pharyngi- 
tis or tonsillitis, that may cause the produc- 
tion of ASO (and other) antibodies are scarlet 
fever* erysipelas^ impetigo* puerperal fever 
and others. Hqwever, in these diseases, titers 
generally , fall to low, but persistent, levels 
soon after resolution of the illness, and as a 
.rule, these diseases can be diagnosed readily 
by cultures. On the other hand, the ASO titer 
has proven especially useful for the diagno- 
sis of two nonsuppurative diseases that are 
preceded by group A streptococcal infections. 
These diseases are rheumatic fever and 
acute ppststreptococcal glomerulonephritis. 

a.. Rhtumatic Fever. A. small percentage of 
untreated cases of streptococcal pharyngitis 
with or without scarlet fever rrtay develop 
into rheumatic fever, The rheumatic fever 
attack usually occurs several days to a 
month after the resolution of the original 
streptococcal infection. By this time, strepto- 
cocci m^y be impossible to culture from the 
throat; therefore, serologic and other meth- 
ods of diagnosis must be used. The disease is 
characterize^dvby various combinations of the 
following: carditis (especially murmurs), mi- 
gratory pcilyarthritis, chorea, and erythema 
marginatum* Although the disease may af- 
fect several organs of the body, the heart is 
the only organ to be permanently damaged;, 
consequently, a prompt, accurate diagnosis , 
must be made before this happens. The ASO 
titer generally rises to high levels in rheu- 



matic fever, and a fall in titer suggests a 
favorable prognosis. 

b. Acute Poststrept0€O€€al Glomerulonephritii. 
This is another disease that may follow 
streptococcal pharyngitis and other strepto- 
coccal infections, but fortunately^ only a few 
strains of group A streptococci seem ,to"be 
able to cause glomerulonephritis. Like rheu- 
matic fever, the development of glomerulo- 
nephritis follows a streptococcal infection by 
up to a month. The disease is immunologic in 
nature with complement fixation occurring 
in the glomeruli with an accompanying drop 
in serum complement levels as described in 
chapter 15, Proteinuria with or without he- 
maturia' along with cast% may be noted on 
urinalysis. The disease may resolve dm- 
pletely after gne attack, beconrie chronic, or 
progress in a matter of weeks oV months to 
complete renal destruction. Although other, 
organisms can cause gJomerulonephritis, the 
disease mostly frequently follows a strepto- 
coccal infection; therefore, a rising ASO titer 
is a useful diagnostic tooL In terminal stages 
of gJomerulonephritis, the ASO titer may 
drop to very low levels. ■ 

9=2. ASO LaNsc S€r@#nlng Test! 

a. Prineipl©, Patient's serum is mixed with 
enough streptolysin-O to neutralize 200 In- 
ternational Units (lU) of ASO/ml of serum. 
Then a drpp of the serum-streptolysin-O mix- 
ture is mixed with a drop of suspiension of 
latex particles coated with streptolysin-0. 
Agglutination of the latex particles indicates 
that the ASO titer of the patient's serum is 
greater than 200 lU/ml, 

b. Reagents and iquipment. Reagents are 
available commercially in kit form, 

(1) Patient's serum, fresh. 

(2) Streptolysin-O, dehydrated. 

(3) Latex particle suspension coated with ' 
streptolysin-O. 

(4) Saline, oi%. . ■ ' 

(5) Test tubes, 12 x 75 mm. 

(6) Glass slides, black-backed* 

(7) Applicator sticks, 

c. Preliminary Stepsi 

(1) Reconstitute the streptolysin-O with 
saline accprding to ^lio manufacturer's in- 
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structions: NOTE; After reeoriMtitution, this 
riagent may be stored at 4 to for only 1 
.week. Do not shake this reagent violently. = 
(2) Mix 0.3 ml of streptolysin'O with 0:1 
mrof patient*s serum and incubate for 15 min 
at rooni temperatufe. ' ^' 

(1) After the 15-minute incubation, mix 
one drop (0.05 ml) of the serum-streptolysin- 
0 mixture with one drop of ASO latex re- 
agent on the slide. iMix thoroughly with an 
applicator stick and spread the mixture over 
an area of about 2.x 2.5 cm, 

(2) Rotate the slide back and forth for 4-6 
min at room temperature s^nd examine for 
agglutination of the iate?< particles. . 

e. Reporting Results: 

(1) No=agglutination of the ' latex parti- 
cles, indicating that the ASO titer of the* 
gerum is less than 200 I U/rnl— Negative. 

(2) Agglutination of the latex particles, 
indicating that the ASb titer of the serum is 
greater than 200 TU/rAl— Positive. 

f. Seurcai of Errer: 

(1) Streptolysin-0 is oxygen-labile and 
does not retain its activity for long after it is 
reconstituted. Reconstitute and store this 
and other reagents according to manufac- 
turer's instructions. Do not sh^ake the re- 
agent violently during reconstitutiom 

(2) Prozone reactions may occur with 
sera of unusually high ASO titers, thus caus- 
ing false-negative results, Diluting these 
sera 1:4 with saline before testing may^pre- 
clude this problem. ' 

(3) Drying of the mixture on the slide 
may simulate a positive test, 

g. Dii<€USsi@n; ^ 

' (1) The international Unit (lU) of ASO 
activity is nearly identical to the Todd unit, 
which is described in paragraph 9-4. 

(2) The ASO latex test has been found to 
be an' effective screening test because it re- 
duces the necessity of performing the more 
complicated hemolytic ASO test in about 
one-fourth of the cases. 

(.3) This test can also be performed on 
serially dilute^\serum with each dilution 
tested as an individual serum would be; how- 
ever, the additio'nal cost of the latex test 
probably, makea the hemolytjc ASO test more 
practic^ for titration of ASO antibodies. 

f=3. . Scfeening Test for StreptocQgEal Ex©eniymes: 
. a. Pfineiple. Patient's serum is mixed on a 
slide with treated sheep erythrocytes that 
have been = coated with ihe following five 
stfeptococcal exoenzymes: streptoIysin-O, 
streptokinase, hyaluronidase, \leoxyribonu- 
clease (DNase), and nicotinamide adenine 



dinucleotidase (NADaae), also called diphor- 
phopyvidine nucleotidaje (DPNase). Agglu= 
tination of the erythrocytes indicates the 
presence of antibodies in the serum against 
one or more of the streptococcal exoenzymes. 

b. Reagents and Equipment. Reagents and 
equipment are available commercially in kit 
form. 

(1) Patient's serum, fresh. \* 

(2) Suspension of erythrocytes coated 
with exoenzymes. Store in refrigerator. Do 
not freezes 

(3) Positive and negative control sera, . 

(4) Saline, 0.9%. 

(5) Capillaries, calibrated^ with bulb. 

(6) Test tubes,. 16 x 150 mm. 

(7) Pipets, serological, 0.1,. IvO and 10 ml. 

(8) Glass slide; ~ / , ■ 

(9) Applicator sticks, or similar stirrers. 

c. Prelimmary Steps: 

(1) Allow all sera and reagents to warm 
to room temperature and perform a reagent 
check according to the manufacturer's in- 
structions whenever new reagents are 
opened. ' 

(2) *Make a 1:100 dilution of serum in 
saline by adding 0.1 ml of serum to 9.9 ml of 
saline. Do NOT dilute control sera provided 

. with the kit. 

d. Proeedurei 

(1) Fill a calibrated capillary to the mark, 
with t^e 1:100 serum and expel it on a slide. 

^ Resuspend the erythrocytes by shak- 
ing/add a drop of erythrocytes to the slide, 
anu stir the two react ants tpgetherV i„ . 

(3) Rotate the slide and observe for ag- 
glutination at the end of 2 min from stirring. 

(4) Also test undiluted control sera„by 
this proc^ure. ' , 

e. Reperting Results, If control sera give the 
expected results, report the results as fol- 
lows^ ' 

(1) No agglutination within 2 min after 
stirring the reactants together, indicating 
that the streptococcal exoenzyme titer is 
1:100 or less— Negative.- k 

(2) Agglutination withi'n 2 min, indicat- 
ing, tjiat the streptococcal exoenzyme titer Is 
1:100 or greater^ — Postive. . 

f. Sourses ©f irron 

(1) All reactants must be at room temper- 
ature before testing. 

(Z) Contaminated sera may produce erro- 
neous results. Sera may be stored frozen, Biit 
they must be warmed to room temperature 
and mi^ed before testing* 

(3) All slides, tubes, and other glassware 
must be scrupulously cleaned. 
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(4) Follow manufacturer's instructions at 
all times. / ^ 

g. Diicussidn: 
%l) Positive tests may be titered by pre- 
paring further dilutions of serum in saline 
and testing each dilution as an individual 
serum would be; ho^Yever, the additionaJ cost 
involved probably m'akes the hemolytic ASQ 
test more practical for titration of/ASO ant^ 
bodies. There are also tests available for tl^ 
titration of antibodies against the individual 
streptococcal exoenzymes, other than^SO, 
but these tests are generally impractical for 
the average laboratory. 

(2) Whole blood may be used instead of 
serum if the dilution due to the erythrocytes 
is taken into consideration Un making the 
IrlOO dilution. 

(8) This test may be positive due to a 
cumulative effect of the five possible anti- 
bodies that may be reacting with the coated 
erythrocytes. Titers of each of the individual 
antibodies might be belqw significant levels, 

(4) Although a true correlation cannot be 
made between the results of this test for five 
exoenzyme antibodies and the hemolytic 
ASO test, it has been found that the 1:100 
dilution of serum is equivalent to a lrl66 
dilution of serum (166 Todd units) in the 
hemolytic ASO test, 

(5) This test may be hepeated at weekly 
or biweekly intervals to detect changes in 
titers. 

9-4. Antislr#ptdiytin-0 (ASO) Titen 

a. Principle. Diluted serum is incubated at 
37^C with a standardized amount of strep|o- 
lysin-0 reagent, After incubation, a suspen- 
sion of hiiman or rabbit erythrocytes is 
added to each tube, and the tubes are incu= 

Abated again at 37^C. The tubes are examined 
for hemolysis. The antistreptolysiri-0 (ASO) 
titer of the serum is the reciprocal of the 
highest dilution of serum to COMPLETELY 
inhibit hemolysis by the streptorysin-O. 

b. Rtag#nti and Iqujpmanti 

(1) Patient's serum, fresh or inactivated. 

(2) Streptolysin-O buffer. The ingredients 
of the buffer are available comnnercially in 
deyhdrated and concentrated forms. The 
buffer may also be prepared as follows: 

.Sofiium chlorifie (NaCl) ^ = .^ = = ^^^^_^^,,„ " 7.40 g 

F*«tjiHsium phoBphate, monobasic (KH2PO4) ' /I-47 g 

Sodium phoaphate, dibasic (NagHPO^) l,4l g 

Diatilled water, q.s. to = = ^ft^^l 

Adjust the pH of the buffer to 6.5 t^|.7, if 
needed. Store, the buffer in the refrij^eVator. 
Discard turbid or contaminated solutipns. 

(3) Streptolysin-O reagent, dehydrated. 



A^vailabie commercially in variouk'sizes from 
several sources. 

(4) ASO.standard control.ierum, Availa- 
ble comn^rcially. / 

(5) Red cell suspension/ washed^- 5,% hu- 
man group 0 or rabbit cell4 in p^tl^'eptolysin^O 
buffer. . ^ . 

(6) Saline, 0.9%. ^ ^ 

, (7) Water bath or heating block, 37-C. 

(8) Pipets, serological, 1, 5, and 10 ml. 

(9) Test tubes, 13 X lOO andl-6 x 150 mm. 
c. Preliminary Stepsf 

(IX Red Cell Suspensionr"^^^ 

(a) Determine the quantity of 5% cell 
suspension needed for the test (each tube 
receives 0.5 ml). ^ 

(b) Using methods outliftfd in chapter 
4, paragraph 4--2, wash human group 0 or 
rabbit's blood with saline until the supernate 
is free of hemolysis, Usually two or three 
washings should be adequate. (NOTE: Cells 
requiring mere than five washings are too 
fragile and should be discarded.) At the last 
washing, pack the cells firm% and carefully 
remove the supernate. 

(c) Prepare the 5% cell suspension in 
streptolysin-0 buffer. 

(2) Preliminary Serum Dilutions. In 16 x 
150 mm test tubes, prepare serum dilutions 
in streptolysin-O buffer according to table 9- 
1. Use a new pipet for each dilution. This' 
dilution scheme results in dilutions of 1:10, 
1:100, and 1:500. ' 

(3) Reconstitution of ASO Control Serum. 
Rehydrate the control serum according to 
the manufacturer*s instruction. Usually this 
control serum is rehydrated with distilled 
water and used as the 1:100 dilution without 
additional dilution. The titer is indicated by 
the manufacturer. This serum shbuld be 
tested with each batch of tests. 

Table 9-1. PreliminQry 5erum Dllytlons for ASO 
Tel*. 

hihl?' Mri'hrTlmnfy Hi-rum DilutiOhH for AHO Test. 
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(4) 'Reconstitution of StreptolyHin-O Re- 
agent. Reconstitute the reagent according to 
the .manufacturer's instructions IMMEDI- 
ATELY prior to addition of the reagent to 
the test. If refrigeratedr the reconstituted 
reagent is stable for about 2 hours. 

d. Prectdufej s 

(1) For the complete test, place 14 labeled ■ 
13 X 100 mm test tubes in a rack for the first 
patient's serum and 12 tubes for each addi- 
tional patient*s serum. Tubes #13 and #14 
are the Red Cell and Streptolysin Controls, 
respectively. ^ . " 

(a) As a screening prbcedm^e.only, the 
first seven tubes .niay bf used, along' with 
two tubes for controls/'ASO titers that ex- 
ceed the seven fub^s (333 Todd units) would 
have to, be retested using ^he complete test. 

(b) For the^SO control serum, ^et up 
tubes #3 thr^iii^h #7. This SeFum is u||^ as ^ 
the 1:10(1 dilution. ^ ^ 

(2) Accurately daspen^ the T: 10, 1^100, y 
and 1:50'0 preUnlinary serujm*jlilutions ^c%J ^' 
cording to table 9-2, 

(3) Dispense streptolysin-0 buffer accord- 
ing to table 9-2.' * 

(4) Gently shake the tubes to mix. 

(5) At this tirne, prepare the^^^^t 
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(10) Ilnipivbaj 
nin. Sh^ikefhe^ 




Reagent according to paragraph 9-2 
IMMEDIATELY add 0.5 ml to each 
EXcffPT #13. 

(6) Gently shake the tubes to mix. 

(7) Incubate the tubes in a 37^C water 
bath or heating block for 15 min. 

(8) Add 0.5 mi of the 5% (human group 0 
or rabbit) red cell suspension to eacK tube. 

(9) Geritly shake the tubes to rnix. 



ba|e the tube& at 37^0 for ;45 
min. snBKe;^nrtubes after the first 15 min, 

(11) ^^irMncubation, centrifuge the 
tubes to sediment the red cells. - 

(12) ESfefnine ^he Red Cell^ Control (tube 
#13); the'supeimate should show NO hemo- 
lysis. ° ' ■/ s \ ' 

(13) ^tekamine the Streptolysin Control 
(tube #14); 'hemolysis should be marked or 
complete^ ' . ^ ? , 

(14) 0xaniine the patient's tubes and ASO 
control serum tubes for hemolysis and record 
the highest, dilution of serum . showing NO 
hemolysis when viewed in good light. Com- 
pare' this' tube with the Red Cell Control 
(tube, #_13| to determine the absence of hemo- 
lysis./ r- 

e. R#perting Resuits. Before valid results can 
be repor^ed^ the Bed Cell Control (tube #13) 
mtis^t no hemolysis; the Streptolysin 

CbrLti%l%mb #14) must show marked to 
eompletfefflnemolysi^s; and the ASO control 
serum ^iw^give the expected results. If the 
abov^.con^ft ions are m'et, report the recipro- 
c'^1 of 'the highest dilution of serum to show 
n6 hemolysis as the ASO titer in Todd units 
as' indicated from table 9-2. NOTE: The unit 
value.of eatfli tube is figured WITHOUT the 
diiution due to the addition of the Streptoly-' 
sin. Reagent and the red cell suspension. 
Jsurcas ©f irr'en 
''■^"CD The Streptoli^sin Reagent must be 
rehydrated and used within 10 min of rehy- 
dration^ or it may be' refrigerated for up to, 2 
hours before addition to the test. * 

/(2) Dirty glassware may^sause inaccurate 
results. Detergents may lyse the red cells. 



Tabl# 9-2, Antiitreptolyiin-O Teit (Cemplet©), 
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-(3) For m a nev^/ 

^piptt, to prep^a each ©rthe 

preliminary serum dilujbions ^ . ^v;)- 

■ / (4) Bacttrially bbntamin^ed seri^^m^ 
hay^elevated ASO titersv \ * » v : ./ 
' (5) Sera must be free of •hemolysisV 

(6) All controls must give' the expected ^ 
results before valid reiults on patient's sera, 
can be reported. A higher . than expected titer 
of the,contrci|serum^ M that iri- 

Bufficient {oBimpotent) s t re ptdly sin- 



re- 

agaiit or insensitiye rpd cells were ij^d; a 
lower than expected titer might suggest too; 
much streptolysin-0 reagent or h^persensi' 
tive red cells' were used^ , ^ / 

(1) If ;^he scrieen test is used and ^ll^&even 
tubes are* free of hemot^i^^^hfft s@r^m will 
have to be retested using^W*«4Qmplete^ 
tube t(iiit"%Tdeteimiiite't^ 

(2) Repeating the ASO titer at- biweekly 
intervals for a month or so' foUowirlK a strep- . 
tococal infection is generally more informa- 
tive than a single test, althpugh a single low 
or elevated titer may be usefuL 

: (3). The Todd unit for reporting ASO ti^ 
ters is defined ai the amount of serum tK 
neutralizes 2.5 minimum hemolytic doses of 
streptolysih-O ^ An International Uriit '(ItJ)^ 
basAd on. a /standard reference, serum, Jiai 
also Been proposed. One I U is essentially 
identical to one Todd unit. 

(4); In addition; to the ASO titration 
'method presented in this^ manual, ^yftany 
other niodifications, all based on tHe same 
principle, are Svailable. Sonle of these meth- 
ods, use normal serial dilutions of serumj 
wF\iIe pthers- use semimiero and microtitra- 
tiqn methodic * ;. ■ ^ : * : ^ 



Interpretatlefv 6f Wio^ there; , 

is no firmly eitabllihed riormal value for the 
A60 test, tltti*s of 166 or less Todd units are 
generally found in 'apparently healthy ihdi- 
yjduais who have not had a recent streptb-/ 
coccal infection^ In addition, titers of lessv 
than 160 can usually be used to exclude ; 
rheumatic fever In which the average titer ia. 
about 500 units/ iJoweVerf the titer oPa sih= 
gle specimen is lest sighificant than a tvyro 
tube or greater* rise or drop in titer wh^n 
compared with a .previous ipirtimenV beeauie 
a few normal individuals may have a very 
hlg>rtita> and a number of factors may affect ' 
the ASO titer" at a givien tittie-Titers may be 
affected by an indiyiduars immunological 
competence^ and age as well as the nuniber 
id nature pf streptococcal infections. 

av ASO titers .uiually. start tp rise about a, 
w^e e R 'Hter ^Ife P rfseFp f ^he/ s tffip^c oc^l 
infection,; but in, the .rtilder types of infec^: 
tions, tl^rs fall to normal .by about 2 months 
after resolution of ,th« illness* Titer^^ tend to 
remain higher after multiple streptococcal 
infections and fdllowing rheumatic fever and 
acute ppststreptoeoccal glopierajlonephritis: 
although in severe cases of glomerulfnephti-y 
tis, the ASb titer may drop to very low levels ' 
late in' the disease; ^ : 

b* ,The age of the individual must also be 
considered in interpreting ASO results*; At 
birth, the titer is similar'^to the mOther^s ; 
because of transplacentally transferred^nti" ' 
bodies. Titers remain low ^for a couple, of 
years and reach adult levels iin about jp 
years. Titers'" may be loyirer in ojkl jndi^duals 
dup to decreaied antibody produ^ion.?with 
old age, ' , > 
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^ Chapter 10 
C-RfACTIVi PROTilN 



10-1. / SignlfUenc© @f C-Raaetiv# Pretein. C^reae- 
tive protein (CRP) is a globulin found in- the 
serum and certain other body fluids during 

. :the acute stages of several inflarhmatory and 

■ fiecrotic conditions. CEP is so»qaUed because 
it. was cfl^iginally found^ thatV the serum of 
patients with- pTieumococcal pneUmo^ia con- 

. tained^ globulin' (CRP) that;pirecipitated a 
solution of the somatic C-pplysacebaride. of 

__pneumocgcci.*J|o;^ reacts 
lilcW W. an t iBoH y , it i s hot aiTai^iWddy^ Xatt^ 
CRP was found to be produced in a wide 
variety of acute inflammatory diseases, 

. a. bUeaiti Pfbdydng CRP. The'detec^on of 
CRP in the' serum has been most*widely 
applied in followiiig the progress of rheu- 
matic %ttacks associated with* ipoststreptococ-; 
^cal rheumatic fever. In, addition^ the prote 
iB usually prteetlt very soon after 'myocardial 
infarctioni and in patiehts with wide-spread 
maUgnancies* CR^ is also present in a large 
percentage of cases of active rheumatoid ar- 

' thritis^ as w^ll as many bacterial infections. 
As a rule^ viral infections do not stimulate 
•the production of dfeP, but hepatitis^ mumps, 
and Varicella* are notable exceptions. Even 
immunizations, such as typhoid, arid injec- 
*^tions of penicillin may result in the produc- 
*tion of detecta'ble levels of CRP. In short,' any 
inflammatory condition may stimulate the 

^ production olf CRP,^ ' \ 

- (1) CRP .appears fn| the serum 'with 
about 24 hours of the.^^et of the inflamma-, 
tory process and gen^^^lly diaappeatB with 

/the resolution of the acute phase of the^in- 
flammation; The appearance and persistence 
of CRP essentially parallel the increase in 
.the erythrocyte sedknentation rate (ESR) 

' during inflammatiori, but the CRP is a better 
indicator of inflammation because the ESR 
IS affected by^ anemia, pregnancy, and sev- 
eral other factors, while the CRP is not. 
UnTortunately, CRP may disappear from the 
sefuni beforfB the inflanimation has actually 
^bsided; in these cas6^» the ESR ^nay be 
more useful. _ 
(2) A 1 til o ugh the actual amount of CRP 
produ^W durTng an inflammatory episode 
cannqjK correlated directly with the sever- 
ity ofPlflammation, measuring the CRP^in 
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serial serum specimens from the same pa» . 
tient provides useful^ information for prog- * 
nbsis and following therapy. In general, a 
djecreasing amount of CRP with time indi- 
. cates a favorable prognosis. Except in those ' 
cases where CRP may disappear before com- 
plete resolution of the tnfldmmati6n,^a nega- 
tive CRP indicates an absence of inflamma- 
tlon and necrosis because CRP ia not present 
in:nDrmal individuals, - , 

based on the phenomenon that, led to the 
discovery of CRP; that is, the precipitation of 
pneumococcal C-'polysaccharide by* GR^; in 
the seVum, Howevefi purified CRP was f^ 
to be highly antigenioin rabbits, ^nd, present 
tests use CE^P antiserum from immunized - 
rabbits o'r other animals in one of two basic 
methods— precipitin tests in capillary* tubes 
pr^gglutination of latex particles that hay e^ 
been coated with CRP antiserum^ 

(1) Latex Tests for CRPCLateic particles 
coated with anti-CRP antibodies agglutinate 
when^mixed with patient's serum containing 
CRP. Latex tests can be performed on ieri- 
ally diluted" serum in test tubes. In additiprfg. 
at leastv two manufacturers prpduce slide 
te#t kits that, use this principle^ Thes^ slide/ 
tests require orily a Tew minutes to perform. a 
qualitative test as opposed to 2^hours by t^^ 
capillary precipltip testv jn addition, these 
slide tests may b^perforiried on serially'di-' 
luted serum to obtain the CRP titer. How- 
ever, procedures for CRP slide tests vary 
significantly from man^ufacturer to manufae- 
turer.; Therefore, to hejp assure that the kit 
manufacturer's instructions will be followed, 
no iatex CRP prpcedures will be presented in 
^ _ this manuah ^ ■ 

' : (2) Capillary Precipitin Tests for CRP. 
Another type *Qf 'test for CRP involves the 
precipitation of CRP by anti-GRP antiserum/' 
These tests are performed in capillary tubes, , 
and except fof m^g^^^riations between , 
antiserum" rrianufacturers' instrGctions, the . 
test procedure is fairly constant. The re- 
. m-aihder of this chapter is devoted to this 
. test. . \' ' - ' ' ; - -^ ' \ ■ / 

CQpiMary Precipitin Test fef C : ^ ' 

' a. Principle. Equal volumes of patient's 




V serum and :aiithCRl* .an^^ are mixed in 

; a glgiss capiirary^^^^^ The tube is incubatfed 
. in a vertical pDsiti on at 37^C. Formation of a 
^ preeijp>|^te in' 2 hours is qualitative evidence 
\bf the.gi*esence of CftP in the patient's serum. 
Semiquantitative results may ba obtained by 
measuring, the height of packed preciipitate , 
after the/tube has been allowed to stand 
overnight at .rooin or refrigierator tempera- 
ture.^ . . . .. . • 

b/ R#sg#nti and iquipmtnti 

Patient's seriiTO>freshi cl^ 
after at least 4 hours of fasting. 

(2) G-reactive protein antiserum (CRPA), / 
available from several eommerdial sources./ 

^ Stor^at 4"-10^a , " 

(3) CRP-posltive jcontf ol serum, available 
ct>mrrierciaUy. ; ■ . 
r (4) Gapillary.^tubes, 9^ to^lOO jn^ x 
mm ihsiHe diameter (I.DJ, or specified Hy 
the antiserum manufacturer, preffrably dry- 

:^eat iterili^ed, 

(5) Gauze or paper wipesf ? 
. (6) Plasticine or modeling clay. 

(7) Incubator, 37 -C. 

(8) Refrigerator, 4M0^Gv 

c. Preliminary Steps: 

b. . fl) Reconstitute the CRP antiserum and 
^control serum according to manufacturer^^ 

dnatriaetioris. Store reconstituted sera at 4°^ 

lO^C. - V : 

' (2) Have the patient fast at least 4 hours. 
Cdjlect serum following venipuncture or cap- - 
illary ptincture. Centrifuge the serum if par- 
ticulate mjatter is present; clear serum must v 
be used. Perform the test as soon as conyejii' 
ent, ; bTCa'use refrigerated serum may give 
false positive reactions. ^ / . 

d. Procedurti ' * 
(ij Draw about' 3; cm of CRP antiserum 

into a capillary tube arid wipe the tube.: See 
step 1 of figure - " 

(2) Draw an equal volumejabaut 3 cm) of . 
patient's ' serum into the tube^>JOTE; The 
patient*s serum must be in contact with the 
antiserum, and both must be free of bubbles. / 
See step 2 of figure 10=-1. 

(3) Mix the contents by letting the sera 
flow back and forth in the tube several times. . 
See,^ep^3 of figure ^> 

. (4) Wipe all%erum and jfinger prints frpnff 
the tube,, form an air space at the bottom of 
the tube, and insert the tube vertically into 
plasticine, (or modeljlig clay) so that the bot- 
tom meniscus is abbve the plasticinei See 
step 4 of figure lO-L- r* 

(5) Repeat^he above steps for each pa- 
tient^s serum and the positive control serum. 
7 (6) For^UAtlTATWE results, incubate 



the vtub^s at 37°C for 2 HdurS ' and exaniine 
the . tubes in front of a, light source fpy the 
presence (or absence) of a precipitate* - 

{7) For SEMIQUANTITATIVE rest^^ 
incubate the tubes at BTC for 2 h^urs arid 
ekgmine the tubes in front of a light source 
for the presence (or absence) of a precipitatet 
Refrigerate POSITIVE tests at 4^-10^0 (or 
room temperature, if specified by mariufac' 

, turer) overnight and measure the height (in 
r^tn) of the column of precipitated protein, 
NDTE: At tirftes, the precipitate will fail to 

/cpmpleteiy; settle to the bottom of the tube. 
In t h ese tubes, m e a s u re t he h e igh t b f e ac h 
layer of precipitate and add the results to- 
gether. . ■ • 

e^ Repertlrig Rtiults. If the positive control 
serum gives the expected results, report the 
..results as foUowsw.j .^.^MX..^..^^^.:..^ _ :,J 

(1) Qualitative Test: v ' 
. . ' (a) precipitate present^Positive* v 

(b) No precipitate present— Negative. 
. (2) Semiquantitative, Testi ' 

(a) No precipitatie present— Negative. 

(b) Less t^gfe/1 mm— Trace. 

(c) 1 mm-iStor 

(cj) 2 mm— rSSf^. .. ■ 
^) 8 mm— 
(f) 4 mm o> 
alternative, readini 



>re-^4+. NOTE: As an 
greater than 4^ may 
be reported, such as 6 mm~6+,.and sp forth ^ 

. f. Sourses ©f Irren - / . : 

(1) Fresh serum rnuat be used because 
refrigerated serum may produce false posi- 
tive results! ■ ; , / > 

(2) Free calcium is required for thi^ test; 
therefoTej plasma is unsatisfactory. 

- (3) The reactivity of CRR antisera may 
vary be^tween manufacturjSf^ and even from 
lot tojot. Therefore, be sif^fe to use a single 
lot of antiserum in following the progress of 
a given patientv 

(45 Sterilized capillary tubes are recom- 
mended for this'fcest to prevent confusion in 
differentiating precipitation from bacterial 
growth. 

(5) Clear serum must be used. :* ^ ' 



1^3, Interpretation of Reiults. The presende of 
C-reactive protein in the serum indicates 
unspecified acute inflammatory or necrotic 
activity. In general, the CRP is positive , in ^ 
the same conditions that cause an elevated 
erythrpcyte sedimentation rate (ESR), but 
the ^©ftft- usual^^^^pears before the, ESR 
becoriies abnormal, ffn addition, the CRP may 
become uhdetectablfe before the ESR returns 
to normaL In fact,Hhe CRP may revert to 
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STEP 2 




Draw up Qh equor yojume of patient's seru 



a _:....Dr Q wl -u p.-3- cm o f XR P A n t ise Vuflri- 
^ and wipe^tgbe- 



. ' V'STEP 3 






























Mix by 


tilting several 


times and 


" form an 


air space at: 


one end. 









QUALITATIVE TEST 



Positive. Negative* 
Obsecve for Precipitofe, 




Insert tu^^'vertically , ' 

in Plasttcin,e and incubate, ds directed. 



SEMIQUANTITATIVE .TEST 
Millimeters 



7 
6' 
5- 
4- 
3- 
2- 
1 - 
0-" 



m 



m 

1 

II 
1 



Piqsticine 
" Level . 



Nag Trace 1+ -2+ 3+ 4+ 
Measure heigfit, of Precip^^e Column in mm 
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negatiye beWre the; inflamrnatory; proce^ 
has cdmpletely Tesolved. Therefore, cautipn 

. must be used In interpretlrtij the results from ^ 
patients with a negatlye CRP and an ele- 
vated ESR. J 

a. Samiquantitation of CRPi either by seri- 
ally diluting the serum for latex teats or 
measuring the height of the column of the 
precipitate in tWe Gapillary pretipitin tests, ^ 
does not necessarily parallel the severity of a 
given inflamrnatory process. However, semi- 
quantitation has proven useful in ' follpwing. 
the course of the att^H and the effectiver 
ness of therapy. For example, a progres- 
sively daereasing CRP level suggests a favorn 
able progposis, Occasiotially, after a Bucceis- 
ful course of cortisone therapy, GRP. may 

. reappear in the serum when the c^ 
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injectiorii are stpppedi ^ut the CRJ testi:^:^ ; j 
revert to negative in a few dayi. * 

b.:CRP is nearly; always preient'soon after 
the onset of acute rheumatic attacks of rheU- ; 
matic ieVer and following myocardial infarc- :^ > 
tiqns^ Acut^ rheumatbld arthritis and malign 
nancies ate other inflammatory diseases ■ 
that usually produce CRP, In addition, most 
bacterial ^infections will stimulate the pro- 
duction of CRPi but viral infections rarely - 
will, riepatitis, mumps, arid varicella are ex- 
amples of viral diseases that do regularly 
produce CRP* At times, even immunizations ' 
and injections of antibiotics wtll stimulate 
the. production o^ detectable amounti of 
CEP. The important consideration in inter^ 
' preting results; of CRP tests is the multitude ' j 
of coriditions that can cause a positive test. 
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.-•t Chapter M . 
TfSTS FOR RHiUMATOID ARTHRITIS 



11-^1. Significance of Rheumsteid factorsi 

a. The Dlieaie* Rheumatoid arthritis is a 
chroniq inflammatory disease of unknown 
etiology affacting the^ joints and synovial 
. membranes, ^arly symptoms of joint pain 
and muscular stiffness may occur at any age 
with females more frequently afflicted than 
male^. These early symptoms are not unique 
to rh e u m at Q id a^rt hrit is^ si^ sey eral o tH e r dt s- 
Ifases W ir^he differihU 

diagnosis. Later in. the disease, subcuta- 
neous nodules are frequently noted over 
bony prominences. The disease may ulti- 
mately . progress to severe skeletal deforrnity 
and complete immobilization of the affected 
^Joints, - :■ 

bv Rheymotbid Fs€t|frs« Depending on the test 
methQd used, -about 80 percent of classical 
cases of rheumatoid arthritis have anti- 
gamma-globulin antibodies in their serum* 
These antibodies are mainly against IgG-and 
react with the gamma globulin from several 
species of animals, as well as from the pa- 
tient. Because these antibodies are most fre- 
quently associated with rheumatoid arthri- 
tis, they are called rheumatoid factors or, 
simply, RF. 

(1) Rheumatoid factors were originally 
thought to be a single macrqglobulih related 
to IgM immunoglobulin, but they are now 
known to be, in fact, IgM^ immunoglobulin 
along with small quantities of IgG and IgA. 
T^e presence of rheumatoid factors in IgM, 
IgG, an^IgA is further evidence that thy 
factors aVe antibodies. In effect, they a1 
antibodies against antibodies. , ^ . 

J2) Unfortunately, the mere presence of 
rheumatoid factors in the serum does not 
confirjn a diagnosis of rheumatoid arthritis, 
because a varying percentage of several 
other diseases may produce detectable levels 
of so-called' rheumatoid factors. In adciitjpn, 
a negative test for f heumatoid factors does 
not rule out the possibility *of rheumatoid 
arthritis* because about 20 percent of actual 
cas«|^ have negative tests. The presence or 
absence pf ^h^umatoid factors also varies 
with the ;age of the patient,' with children 
lesr apt to produce the factors, wh^e older 
iridiyiduals are^ more frequently positive — 



even in the absence of rheumatoid arthritis. 
Despite these variations in production, sero- 
tests for the detection of rheumatoid factors 
in the serum are useful in the diagnosis of 
rheumatoid arthritis. Detecting Increases in 
the titer of these factors is especially signifi- 
cant, . - 

c, Teits for Rheumataid Factori, Several types 
of tests--haVe bee 

. tion of rheum,atoid factors in. the serumi 
Some of these tests, such as those inytplving 
radioi;Timunbassay, are yery complex and,, 
thereforej will be impractical for the average 
clinical laboratory. Most, of the practical 
tests ^re based on the passive agglutination 
of eithe^r (erythrocytes or inert particles 
coated with gamma globulin from aniinals or 
humans. The erythrocytes most frequently 

%used are either fresh or preserved sheep 
cells, while polystyrene latex particles are 
the most commonly used inert particles. In 
general, the latex tests are more sensitive 
(more false positives with other diseases) 
than the erythrocyte tests, but a positive 
erythrocyte test is more likely to indicate 
rheumatoid arthritis. Examples of both types 
of tests are iricluded in this mahuaL Most of 
these tests are available commerciariy in kit 
form, , 

. 1 1-;2, Latex Slide Screening Testi 

a, Principl9« A 1:20 dilution of patient-s 
serum in glycine-saline buffer diluent is ^ 
mixed, on a slide with a suspension of globuV 
lin-coateti polystyrene latex particles* Agglu- 
tination (macroscopic clumping) of the latex, 
particles indicates the presence of rheuma- 
toid factors in the patient-s serum. 

- b. Reagents and iquipm#nK Available in kit 
form, from several sources, NOTEi Be sure to 
follow. the manufacturer's instructions. 

(1) Patient-s serum, fresh or frozen, , 

(2) Glycine-saline buffer diluent, 

(3) Latex'globulin reagent. 

(4) Control sera, 'positive and Tiegative. 
/ (SjTest tubes^ia K 75 mm. 

(6) Pipets, 1 mf serological and transfer, 

(7) Glass slidesi i. 

(8) Applicator iticks or toothpicks; 

^^J^c; p^#limlnaIy Steps, In a test tube, prepare 
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ail apprbxiniatfe 1^^^^ dilutibii of the p^atienVs 
serum by adding ^ drop of serum to 1 jnl of 
•glycine-saiine^buffer diluent ^nd mixing 
gehtly.iDo NOT dilute the control sera. Fro- 
:%en sera should be at room tempiBTature be- 
fore testing* / 
d* Freeedure^ 

: (1) Place 1 drop of diluted patient's serum 
on a section of the slide; 

(2) Place 1 drbp each of UNDILyTED 
pOBitive and negative control sera on sepa^ 
rate Bections of the slide. 

(3) Gently resuspend the latek-globulin 
reagent and add 1 drop to each serum. 

\ (4) Using a separate applicator stick for 
each slium, mix each aerum thoroughly with 
the latex-^globulln reagent and spread each 
mixture over an area about the size of a 

(5) Tilt^ the slide from side to side for i, 
minute and observe for macroscppic clump- 
ing Cagglutination) of the.latex particles. 

e^ «#|3ortmg Rtsyrtst If the positive and nega- 
tive coritrof sera give the:\f^pected results, ^ 
rfepont- the results of the: patients' sera as 

;f6liowsf ^ - : ! 

(1) No viSiblfe clumping^Negative. 

{2);PartiM clumping— Weakly Readtive or: 
'Weekly Positive. . ■ ; 

(8) Complete clumping—Reactive or Posi- 

^tive.'' ^ _ ^ ^- . X ^ 
. f , Sourcat of f rron 

(1) St5i^,:reagents and;^rform 
dures according to mahufarturers' Ihstruc- 
tions Do not allow the latex^globuliri reagent 
to freeze 

(2) All glassware must be Bcrupulously 
clfan, because tests for rheumatoid factors 
are veryvserisitiye to pH and ionic changes. 
Spontaneous agglutination can occur if the 
pH falls to the isoelectric point of the gamma 
globulin (about 6.6); therefore, a pH 8,2 
must be maintained. . ; ■ w 

(3) Failure to dilute the patient's serum 
before testing may result in false-negative 
results due to the prozone phenomenon.. 
Some kit manufacturers recommend heat- 
inactivated serum (56^C for 30 min) to reduce 
the incide^e of prozoning. " 

(4) Do. not read the test after the time 
period specified by the manufacturer be- 
cause drying of the reactahts may resemble 
agglutination, 

11^3. tsiln-Latex Slid© Scfeening Tasf: 

a. Prlndple. Patient's s^riim (or v^hole blood) 
is mixed with a drop of eosin solution on a 
/#tde: Then, a drop of a suspension of un- 
coated latex particles is mixed with the 
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ser^^eosin mixture; Sporitarieoi^ agglutfc 
aticff of the latex particlei^aica^ the 



prince of rheumatoid fadtorinn the feriim; ; 
The addition of the eosin solution before the' 
latex particles reduces the iiicidenctf of fal^ 

pQsij^Y# tests* / V ! 

b;?R#flgenti and 1 Available cpm- / 

mereially in kit form. : ' 

(IKPati^nt'i serurn; fresh or frozen* >^ 
\ (2) Positive contr^ serum. ; - 

(3) Eosin reageni.^ S 

(4) Latex-suspension. . 
(SikGlass slides. » - 

(qftoothpicks or Bimilar stirrers. / 
C^^ight s6urce, ; ' ^ 

/t. Preliminary Stfepii . / 

(1) When a new- batch of reagents is tirst 
opened, check them for proper stora^ by; 
mixing Wrop of eosin reagent with-2 drpps.^. 
of Utex reagent on a slide. Rock ftie slide 
over a light for 8 .minutes. A smooth red 
suspehsloh indicates satisfactory rf agents.^ 

(2) Collect the patient's serum. Fja^z^^e * 
serum if it cannot be tested within a reason^, 
able time. If -whole blood is to be used, it 
must bm used WITHOUT anMcoagulant. ^ 

d> Froeedyr#i - , \ 

(ij Place 1 drop of UNDILUTEfl patients - 
serum (or 3 drops; of whole blood WITHOUT , 
anticoagulants) on a slide; . ; . 

(2) Place 1 drop of positive control serum ■ 
in another section of the slide. J 

^ (3) Add 1 drop of eosin reagent to each ^ 
serum and mix each, with a separate stirrer. 

:(4) Gently : reiUBpend : the latex reagent 
arid add 2 drqps to each setum^osin mixture. 
Mix well and spread each, mixture oyer an 
area about 1 inch square- ^ ^ 

(5) Rock the slide gently for 8 minutes 
an^ examine pver .a light for agglutination of 
the latex particIWs^ V ^ 

e. Repertliitf ResbltW If the positive control 
serum gives the expected results .(agglutina^ 

. tion), report the results of the patients' sera 

as' follows^ " i . 

(1) No agglutination— Negative. 

(2) Agglutihation— E^itiv% 

f. Seupeei of irrer. In genera\l,-the same 
sources of error listed: in paragraph il;-2f 
also apply |p;thip testp with the following 
additions arid exceptions: . ; 

(1) UNDILUTED serum must be used m ^ 
this test/ Wl^e blood without anticoagu^ 
larits may also bemused, . ■■ ' , , , V 
* (2) The eosin reagent must be added to 
the'^erum before the latex suspension is 
^ added/.False-positive results frequently oc^ 
cur if this. order is reversed,, . 
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V Prihciplt, A iuspensipn of globuliri-coated! 
; latex partteles is added to serially diluted 
serum in test tubes. After incubatibn at 
iimes and temperatures specified by the kit 
manufacturers^ the redprocal bf the highest 
dilution of seifum to cause agglutination of 
the latex pa^rtides is reported as the titer of 
rheumatoid factors in the se^um. 

b. Reager^ts snct Iquiprnent Available com^ 
^ mercialjy from several sources^ 

(1) Patient's seEUm, fresh* . " 
(2X Latex-glpbulin^ reagent, as specified. 

(3) Buffer diluent, as specified. 

(4) Test tubes, 12 X 75 mm: \ , . 

(5) Pipet^, setologicalp Imh ■ ' ' ; 

(6) Test tube rack. / - 

(7) Inbubator, 37^ or 56^C, as specified. 

- 2'*^10°C, if needea: • ~ ; 

/ (9) Centrifuge, if needed.^ ■ . 
c^ PrftlimrnGrry Stepi^ ; 44 - 

(1) Collect the patient's serum. Freeze th^, 
serum if it cahnot be tested Within a reaso^ 
C able tir^e. Frozen serum shoflld be at room 
temperature for testing* V ^ ^ 

. (2) If required^ prepare the buffeF diluent 
as specified by the manufacturer. 

(3). If the latex particles require serfsitl-' 
zation with globulini "^prepare this reagentl 
NOTE: Some manufacturers sug&est that 
the sensitization procedure be started on. thi 
day before the test is to be perfor^ied. 
. d.^fpcedure' : ' 

(1) Place 10 labeled test tubes in a rabk. . 
\ ^ * (2) Pipet lv9 ml of buffer diluent intb the. 
. first tube and 1 ml into the remaining nine 
tub.es. ■• -■ . 

\(&) Pipet 0.1 ml of serum into the first 
tube, mix the contents* and transfer 1 ml of 



serum-buffer miKture to the second tube. 
NOTE: For greatest accuracy, this pipet may 
be discarded ahd a new oneSused foi^ each 

, succeedijig tube, ^ — . 

/ (4) Mix the contents of the second tube 
and transfer J ml to the third tube, repeating 
this procedure through the ninth tube, from 

vwhich 1 ml is discarded. The tenth tube is the 
soritrpl and receive no serum. ^ 
. (5) Add 1 nil (or 1 idrop, if specified) of 
iatexvglobulin reagent to each tube and ^ 
shake the rack to mix the contents. ; \ 

(6) Incubate the tubes as specified by the 
lateX'globulin manufacturer* . 

(7) If specified, centrifuge the tubes for 3 
minutes at 2,300 rpm. . \ 

(8) Gently agitate the tubes while observ-. 

- ing^r macrgscojpic^ aggluU^ of the la^ ^ 
tex paHiclesrRec^ the high esf dilution to^ . 
show agglutination. This procedure is out-; 
lined in table 1X^1* 

r 6- Repartlhg Results. Report the recip 
the highest serum dilution to. show agglutin^ 
atipn fts the titer. The titer does NOT include \ 
the dilution of the serum ^caused by adding - 
theflatex-globulin ireagent; ; : ^ : 

; f* Sourcei ef irrsri. The sources of error listed , 
in paragraph ll--Sf apply to this test, but 
special attentipn must be paid to the specific 
mariufacturer*s instructions due to the many, 
minor (but signiflcant) variations ayailable»^# 

1 1-1. Sensitiitd Shetp Cell Slide Ttsti 

a. Prinelpk, Patient's serum is miked with t 
stabiliEed sheep erythrpcytes that^ have been 
coated (sensitised) with gamma globulin. Ag- 
glutination of the erythrocytes indicates the 
presence of rheumatoid factors in the pa- 
tierit's serumi . " • * = . 
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- RMgenU and iquipmtiif. Available com- 

jnercially in kit form* . 

(1) Patient's serum, freife br.froze 

: , (2) Positive artd negati\^ cpritr^^^ . 
''J' (3) Sansitized-^heep erytHrocy^reagM|, 
( yi4)SaUne,0J%. : . / S V \ 
^^(5) Glass or paper slides, 
i (6) Capiliary tube^, calibrated,^ 

' (7) Stirrers. ^ 7 \ ' 
\ Preliminary Steps! 

(1) Collect the patient's serum. Freeze the: 
^ serum if it cannot be testied within a reason- 
able time. Allow frozen sera to warm to room 
temperature and mix thoroughly before test^ 

ing. \ \ ■ i. 

(2) Allow all reagents, and control sera to 
wa^m to roorh temperature before testings 

: (A) Mheh a nw lot o^jen^ti^ l5S?5. 1 
erythrocyte reagent is opened, teSt tKe re- 
agent with the positive and negative control 
Bera according to the procedure below as^a . 
check on the suitability and proper storage 
of th^ reagent. . ji 

(1) With the caHbratiffcApillary,::!transter 
a measured amount Sf patient's strum* (or 
control serutn/during the reagent check) tp ^ 

slide, ; / : -/ - ^ J u 

' \ : (2) Resuspend the sensitized sheep 

erythrocyte reagent and add 1 drop to each 

serum. - 

(3) Using a clean stirrer for each serum, 
mix each serum with the reagent and spread 

the mixture^ j , \ ; , 

(4) If paper cards are used, rock the carci 
for 30 seconds and let it stand ■undisturbed 
and examine for agglutination at the end of ^ , 
minutes' With glass slides, rock the slide for 
2 minutes and examine for agglutination. ^ 

(5) If m agglutrination with the patient's 
Berum occurs, the test i^ reported ^--Nega- 

/ -tive. i,.n 

(6) If agglutination occurs, pTepare a l. lU 
dilution of serum in 0.9% saline (1 drop of 
serum and 9 drops of saline|/and repeat the 

. test.- - " - 

e; Reporting Rgiulti. If the fcontrol sera .give 
the expected results, report the results' as 

follows: ' : . J 

(1) No^^apglutination with; undiluted 

serum— Negative* ^ . . 

(2) AgglutinatioVi with undiluted serum 
^nly— Positive, Undiluted Only. NOTE: This, 
result may also be duMo heterophile anti- 
bodies as well as low^titered rheumatoid fac- 
tors, such as may be seen with a number of 
diseasis.oth^r than rheumatoid arthritis. 

(3) Agglutination with both undiluted 

. arid diluted serum— Positive* f j 
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' f . Sources of Irror, The sources tff error lisjgd 
in paragraph il-8f also apply to this test, 
• with the fbllowihg additions and exceptions- / 

(1) Do not freeze the erythrocyte reagent 
because hemolysis may occur, 

(2) Be surrto bring all reagents and sera 
to room temperature before testing. ^ 

(a) The passlbllity of the presence of het- 
f^erophile antibbdies must be considered in all 

positive tests. 

(4)^Unyiluted, junheated serum at room 

temperature mustTbe used for this test, ^ , 



Vl^. Interpretatlen of Results/ These tests for 
rheumatoid. factors should not be considered 
to be specific for the diagnosis of rheumatoid 
arthritis. In fact, pnly ^bout 80 percent of 
the cases of claghslcal rheumatpid arthritis 
prodiOT^etecta^rieve^ 
tors, with the. actual percentage varying 
from test to test. In addition, significant 
bercentages of several other diseases Pjo- ' 
duce these factors. However, these tests Are 
still useful when their limitations are:Consid- 
ered in inte^reting results. * : 

a. StrisiHvity and Ipeciflcify bf Tests* In gen- 
eral, the latex tests are more sensitive detec- 
tors^ of rheumatoid factors than the tests 
usinfe eryt^irocytes/By contrast, the erythro- 
cyte tests hav5^)VGr faJpie-pasitive results so 
that positive erythrocyte tests more likely 
indicate rheumatoid arthritis than a positive 
latex test does. . 

(1) False-Negative Tests. About 20 per- 
cent of apparently classical cases of rheuma- 
toid arthritis fail to produce detectable levels 
ofrheumatoid factors when tested by the 
usual tests,. Although the exact cause of false^ 
negatives is unknown, it has been found that 
these patients have a predominance of IgG 
antiglotfuLiaaJather than IgM. as seen in 
positive patients. It has been suggested that 
thes^ false negatives really are a different 
disease entity; \ ^ 

(2) False-Positive, Tests. Most of the dis- 
eases that cause false-positive tests for rheu- 
matold factors are chronic disaases. As a^ 
rulej only a certain percentage of these cases 
will be positive, and usually only weakly 
positive. Some of these diseases are subacute 
bacterial endocarditis (SABE), syphilis, Han- 
sen's disease, sarcmdosis, tuberculosi^, can- 
cer, and liver diseases, such as cirrhosis and 
viral hepatitis.' In . addition, ^most types of 
leukemia causi false positives, with ^some 
types about lOO-pefcent positive, The false 
positives found in lupus erythematosus (LE) 
ai^ intereitlng^ because a significant num- 
ber of cases of rheumatoid arthritis, in turn. 
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cauie falae-po^itiv^ serptesta for;LE/^^ gen- 
era]^alse»posirtve tests' for rheumatoid fae^ 
; tprB might be expected In any disease that 
results ii^ a hypergamniaglobulinernia, 
^ 5b* Inferpptfsfiqn of Titration Ttits. The mini- 
mum signifieant titer of rHeumatoid factors 
varies from, kit manufacturer to manufac-^ 
turer^ with some suggesting 1:20 (or 1:40) or 
greater on uhheatejd serum as significant 
and M60 or greater on heated serum. Therip- 
fore* the manufacturer's instructions must be 
consulted in interpreting these tests. How- 
ever, regardless of the test method used, the 
height of the titer of rheumatoid factors 



cfiLnnbt be correlate directly with the sever- 
Jty of the dis^^, Jbut a rise in titer^helps 
confirm a diagnosis of rheumatoid krthritis. • 
Titers generally persist for the life of the < 
patient. Those diseases that cause faise-posl-^ • 
tiye screening tests for. rheumatoid factors 
: usually have low titerff in titration tests. . 
Prequen'tly, high titers are found in aipar- - 
ently, normal individuals who have^ in- 
creased tendency for developing rheumatoid 
arthritis in the future. The use of titration 
tests rhay also be useful in identifying pa- * 
tiehts with hyperviscosity of the blood-due to 
hypergammaglobuiinemla. 
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TiSTS FOR LUPUS iRmUMATOSUS 
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' 12-»1r Slgniflcornce of AntihUelesr Anfib^ 

a. The blsfQS#/ Systemic lupUi erythematd- 
sus (SLE) is a connective-tissu^ (collagen); 
disease affecting /primarily young women. 
The cause of ^h# diie^ae is unknown, but 
patients appear to haver a genetic predisposi- 
tion to the disease. Viral inVolv.ement has 
aJso been postulate. Early symptoms of 

:^w^tght7lbBsrsnenilaT'ah3 
by several other diseases, such as rheuma- 
toid arthritis and others, The course of SLE 
may vary from a mild^ chronic condition tp a 
rapidly fatal course with involvement of the ' 
^kidneySj livier, lungs and other organs^ 

b, Antinudeer Antibodits/ SLE 
(and other collagen diseases) produce a vari- 
ety of antibodies that appear to be directed 

. against antigens" from the patient*s own body. 
Antibodies against the patient's erythro.- 
cytes, leukocytes* thrombocytes, and other 
body cells haV0 been detected. Some of th^se 
antibodies are directed against the nuclei of 
the patient's cells as well as nucleated cells 
from other species, Although the role of 
these antibodies in the disease is unknown,/ 
three of thesie antinuclear antibodies or fac- 
tors are important in the tests for SLE, 

(1) Antinucleoprotein Antibodies. These 
antibodies are produced against the DNA- 
histone complex of nuclei in a variety of 
diseaseSi including SLE. They react with the 
patient's nucliei as well as normal human 

/nuclei and nuclei from other species of ani- 
mals, Antinucleoprotein antibodies take part 
in the so-called LE=cell phenomenon, in 
which phagocytosis of altered nuclear mate- 
rial occurs. "Tests for the demonstration of 
LE dells are covered in the hematology«man- 
uaL In addition to the LE-cell phenomenon, 
these antibodies are also important in the 
serotests to be covered in this manual. 

(2) Anti'-DNA Antibodies. These antibod- 
ies do not appear to have a role in the LB- 
cell phenomenon, but their prisence in the 
serum is usually assooiated only with the 
SLE, and especially the acute phases of the 
disease. These anti-DNA antibodies react 
with either free DNA or with DNA in the ' 
pNA^histone complexes of nuclei. Thay are 
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impo^rtant in the fluorescent srtitlnuclear an- 
tibody test. 

(3) Antinucleolar Antibodies, These anli-' 
bodies appear to be more frequently pro- 
duced in scleroderma than in SLE/ As their 
name implies, th&|^ antibodieg react with 
|he nuclenli of njMlL 

T^ts Ibr SLiJM^e claisjcaf test jfbiySLE js 
the derrtpnstratioh of LB\ceUs. In Addition, 
two types of serologic tests have proven 
practical in the diagnosis of SLE* These sero- 
tests are important because only about 75 
percent of SLE patients ever produce the 
-typical LE cells, and the identification of 
these :LE cells requires hig:hly trained per- 
sonhel; One type of serotes^ii based on the 
agglutination of riucleoprotein-coated latex 
particles and another on the dfitectiori of 
antinuclear antibodies by the indirect flu- 
orescent antibody technique. In addition, 
complement fixation and several other sero- 
tests have been used in this disease. 

(1) Latex Test for SLE. The most simple 
(but the least sensitive) test for SLE ia,the; 
latex agglutination test using latex parfl^cles 
coated with nucleoprotf in. Although a posi- 
tive latex test is usually indicative of SLEv 
unfortunately, the test is only positive in 
about one-third of the cases of SLE. Despite 
these limitations, the speed and simplicity of 
this test have made it useful. ; ' . 

(2) Fluorescent Ahtinuclear Antibody 

. (ANA) Test. Nearly 100 percent of cases of 
SLE and lower percentages of sever ar other 
diseases produce ^one or more of the antinur 
clear antibodies. These antibodies are detect- 
able by reacting the patient's serum with 
nucleated cells and detecting the antigen- 
antibody reaction following the addition of 
fluorescain-labeled, 'antihuman globulin. AU . 
though^ equipment for fluoresceht micros- 
copy is required for this test^ this is the bes? 
screening test available for SLE. The titer of 
antinuclear antibodies may alio be deter- 
minedly this method. 

12-2, Lofex Slide Test for Antlnudedprdfairi Anti- 
; bedles: '\. ^; ' 

a. Prmciple. Patient's serum is mixed on a 
slide with ja suspension of nucleoprotein- 
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V - coated latex partictesr Agglutination of the 
"v V latex partlclts Indicitea the presence: of, ^n 
. tinucledprptein antibodies in the serum. : 
; V b» Rfag#nti and Iquipment^ Available cbm- 

mercially in kit form: 
; "-'^ (1) Patient's serum, fresh or frozen/ 

: (2): Latex-nufileoprptein reagent, with 
V dropper. • 

(3) .PoaitiVe and negative control serai , 
. (4) Capillary tubes* provided with kit. . 

• (5) Glass slides. ^ ; ' ■ . . , 

' . . (6) Tdothpicks or similar stirrers. 

c. Preliminary St#ps. Collect the patient's 
^ serum/ Freeze, the serym if the teat cannot, 
be performed in a reasonable length of time. 
■ . Allow the serurTL to warm to rboni tempera- 
ture and mix thoroughly before testing.. 

(if With the capillary tubing provided, 
' place^i drop of patient's serum (and each- 
eontftol serutn) on a* section of the slidfe, 
' (2)J^Geritly, but t^ioroughly, resusp 

,i!|i8ttex .reagent and add 1 drop to each serum, 
y ': : (3) Thoroughly mix the serum with the^ 
^ I latfex and ;spread the mixture over an .area^ 
about 20 ^ W i^ini; ^ , P T V 

(4) Tilt the slide for 2 minutes and exam- 
ine for agglutination against a dark back- 
ground with reflected light. 

e. ^ Reportihg Results. If the control sera give 
the expected results, report the reBults of the 
patient "S sera a^ follows: 

' (1) No Bgg^lutlnatiprt— Negative.^ 
(2) Any agglutination— Positive. 

f. Sourcet ef frron- , ^ 

(1) The quantities of serum and lat^K 
reagent are critical so be sure to use only the 
*capillaries and droppers .provided with the 

' (2)^Drying of the latex reagent on the 
t^lide may reisemble agglu^ 
. J ; (3)*The serum must be thoroughly mixed 
' with the latex reagent for valid results, 

g. Discussion;' . . 

(1) False-positive results with this test 
are rare, but an 9Ccasional patient with 
rheumatoid arthritis may be positive. In ad- 
dition, other collagen diseases might be ex- 
pected to be positive. 

/ (2) False-negative results occur in about 
two-thirds of the cases of SLE/These cases 
have to be diagnosed by other criteria, such 
ai? the LE-cell test or the fluorescent antinu- 
clear antibody test. 

12-3. Fluertscent Antlnuclear Antibody (ANA) 

- ■ Testi ■/ Y ■ ^ " * ■ ■ ■ ' 

a. Prineiple. Patient*s serum ;is incubated on 

,a slide^r coverfiip cont^ning cultured, nu- 



; / AFM 10O^7^M 8-227^1 3 June 1975 

= cleated cells of human or animaV origin^' 
= After jncubation, th^ excess,serum is washed 
off and *flu6rescein4abeled, arttihuman glob- 
ulin (conjugate) is incubated on the cell^. 
After this incubation^ the Mcess conjugate Js' . 
/washed from the cells anH thje nuclei are 
examined on a fluorescent microscope. The 
presence of antinuclear antibodies.'in the pa-/ 
tifent's serum is indicated by fluorescence of 
the nuclei^ with the Specific type of ahtibody 
present producing a eh'aracteristic type of^; 
fluorescence. ^ * 

b. Resgents and Equipr^tnt. Available COrar 
mercially in kit form, i , ■ 

. (1) Patient'iS serurti^ fresh or frp^en. i 
* j(2) Tissue culture cells, humah or animalV 
on slides or cpverslips. ' 

( 8) y 1 up res cein -l abel ed , a n t i h u m a n - gl o b^ 
ulin (conjugate), diluted accordihg to manur 
facturer's instructions* 

(4) Phbsphate-buffered saMne (PBS), pH - 
7i4, 10 K concentrate or powdered forms are 
aviailable. " ■ 

(5) Glycerol. : . . . \ ' ' 
^ (6) Mounting rtiedium, 1 part of 1 x PBS 

and 9 parts of glycerol. . .. 

(7) Positive and negative control sera. 

(8) Glass slides. . ■ -A}^ 

(9) Test tubes, 12 x 75 mm, 4/ \ 

(10) Pipets, pasteur-type^ \ 
Xii) Diamond-point pencil. 

(12) Ajbsorbent tissue. 

(13) Moist chamber,* such as a plastic 
slide box (tightly CQVferegl) or a petri. dish ^ 
with wet filter paper or gauze. = 

(14) Incubator, 37^, 

(15) Fluorescent microscope with UV 
light source, appropriate filters, and, a. 
brightfield (or darkfield) condenser. 

- (16) Immersion oil, low fluorescence. . 

c. FFeHmtnsry Stepsr 

(1) If required, reconstitute the conju- 
gate according to the manufacturer- s instruc- 
tions. This stock conjugate may be dispensed 
in small aliquots in tightly capped containers 
and stored frozen af -20^0 or lower until 
needed. Immediately prior to use, prepare 
the working dilution of * the conjugate as 
specified. - - . ' ^ ^ 

(2) M^ke a 1:10 dilution of patient's serum 
in Ik PBS (1 drop of serum to 9 drops of Ix 
PBS). Some kit manufacturers. recommend a 
1:20 dilution of serum. 

(3) Dilute the control sera according to 
manufacturer's instructions. 

(4) R%mpve the required number of tis- 
sue culture slides or coverslips from the pre- 
servative and gentiy^ but thoroughly, wash 
off the preservative with cold running water 
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f v fbllowf^ the 
slides in t^vP^ If the 

slides or cbyarslips require cutting to smaller 
sizes* wipe thitn dry on thi unde^ 
• score them witlr a diamond-point pencil in 
the desired siieftand gently br6ak along th 
scored lines. Do NOT allow the ctU sur^ce to/ 
^ dry during these operations. R&place the 
slides in Ik PBS until ready to use. ^ ^ 

. d. Proc#d0rir - . -■ ' , J 

3 (1) Remove tissuie culture slides from the 
PBS, wipe the undersides, and place the(| 
slides (cells uppermost) on corks ot rubber 
stoppers in the moist chamber. 
' . (2j Cover the entire surface of each slide 
ij^thJ±ie appropriate J^J^dilutioi^ 



serum ^nd appropriirteJy diluted cQntror - 
sera; --^ ■: \ 'V^' - ^^"""^ 

(3) Replace the_ lid on the moist chamber 
; antf incubajte at 37*G .tor 30 .minutes,^ tilting 
the slMe^ every 5^10 minutes. / 
. ^- (^After incubation, rinse thjf slides 4 
tinges with ix PBS^ wipe Jthe undersides, and 
return them to the moist chamheK' 

(5) Cover the entire surface with the 
working dilution of conjugate. 
- (6) Replace the lid o'n.the moist chamber 
and reincubate at 37^C fc^ 30 minutes, tilting 
the slides every 5=10 minutes. 
/ (7) After incubation, rinse the slides 4 
Mmes with Ix PBS, shake off exiess PBS, - 
and wipe the, underside dry. The slides may 
also be rinsed a couple of times with water, . 

(8) Mount the slide or coverslip with a 
small amount of mounting medium (PBS- 
glycerol) on the^cell surface. 

(9) Examine the cell nuclei for fluores- 
cence in the thinner areas of the cell, sheet ? 
with a fluorescent micrdscopi: at 100 to 400 x 
using a brightfield or darkfield condenser. 
Some suggested exciter and barrier filters 
are as follows* \ . 

;fa) Exciter Filters^ Either a BG 12 or 
AO;J02 filter may be used. 

(b) Barrier -Filters; Several types of 
barrier filters may be used. Some of these 
are OG 1; AO 724, AO 1124, B and L Y^8, and 
Zeiss 50MII/0). V'' " 

(10) Record the type of n§clear fluores- 
cence, if present, for each pa^nt according 

/to the following schjeTfier 

(a) , Peripheral (Ring). The periphery of 
the nucleUs fluorescea more brightly than 
the rest of the nucleus. # 

(b) Homogeneous (Solid). The nupleus 
fluoresces uniformly thrlbughout. 

(c) Speckled. Severai srhall spots of in^ ^ 
trftnuclear fluorescence^ ^ , 
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: ,(d) Nucleolar, Only nucleoli (one to a 
'few/nutleus) fluoresce* - : S ■ 

e. Reposing Results. If positive and nfegativ^ 
control sera give^ the expected report 
the results of the patiint*s serum as followsr 
;(1) No nuclear flu0rescence--N^^ ^ 
t2) Nuclear fldorescence observed-^Posi- , 
tive, along with^ type of fluorescence. Also 
preferably with the titer. < ^ \ 
^ f. Seurcei of irrbn v \ 
' (l).lncomplete washing of the cells fol- 
lowing incubation with the patient's serum or ' 
conjugate may result in excessive nonspe- 
Gific fluorescence, .High titers of rheuriiatoid ^^ 
factors also'cause nonspecific fluorescence. A " 
final wash with water befbre mounting and 
. reading the slides mai^help a^ 
this problem. In addition,^ examin^on of 
thinner areas of the cell layer will be easier 
to interpret. Increasing the working dilution 
of the conjugate may begome neceasary* 

(2) Failure to dilute^e patierit^erum 
may result in false-positlye results du^ to 
ant;inij,clear 'antibodiei produced in other ' 
connective tissue diseases, such as rheuma- 
^toid .artbritis and scleroderma, V > > 
^ (8) Allowing the cells to dry during the 
procedure may cause honspeeifid fluor^es- 
cence. The incubation stages; must be per- 
formed in a n\oist atmasphere to prevent 
drying of the' serum or conjugate on the 
^' slide. , / : '. . 

(4) The preservative must be compljitely 
washed from the tissue culture slides before 
testing. , ;. . , \ . ^ ^ ■ ' ' 

- (5) Incomplete washing of -the slides fol- 
lowing incubation with the patient's serum 
may aiso produce false-negative results by 
interfering with the reac^on of the cqriju- V 
gate with the nuclear-coated globulins. \ ' 
(6) Prolonged e^cposure'to light (espe- 
cially UV light) will rapidly diminish the 
fluorescence of the nuclei. Therefbre, if the 
cells cannot be examined immediately ^fter 
the test is completed, storage of the slides in 
the dark at 2^C to 8*G for no longer than 2 
driys will usually still yield ^valid results. Be 
sure to carefully cheek the controls in these 
instances. 

^ (7) The fluoBJscein-labeled antihuman 
globulin^ (cpnjugatie) loses potency on repeat 
freezing and thawing. Dispensing and freez- 
ing the stock conjugate in batch'-si^ed ali-^ 
quots is recommended. The working dilution 
of conjugate should not be froieri, but it may 
be stored at 2^G to 8^C for. a few we^ks, : ' 
Potency pf^the working dHutioh. is lost rap- = 
idly— morcT^i^ly, if frp^en. , ' , 

' (8) Positivje control Sera have been found i* 
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to decrease irt titer, even if frpEefr/Prolbngect 

Dii€Uiii@n^ Ideaily, all'; positive .te^ts 
ij; shiDuId toe titeredV because a^'high or^- rising 
■ titer is most likely due to SLEv Bters are ? 
vaccompUshad by tjesting serial-twoteld dilun 
tipns of the patient*s serum in 1^ PBS,.stfirt- 
:ing ^vith 1:20 through about si^i tubes. For 
• .best results, identical meMUred qimntities of' 
each diiutiori should be tested* 

;; f2-4. InfejfprtfQfJdn of ResulH^ , ^ . 

a. Lat03c Slide Test. Positive; result^^tH this 
<^ test usually indicate the presence of antinu-- 
cleoprQteln antibodi^^s produced i4i SLE.*^ 
Other diseases rar^y cause positive results ^ 
fe: with this test^lthough ^h 

suf disprders, such as rifteuffi artKritis, 
might be positive/ Urifortunatelyj the slm- 
* plicity of this; test is bvershado'V^ed by tht 
faW that only^ about one-third of^he cases of 
^ SLfi will cause this test to be pbsitive- THis^^ 
liigh specificity ifor SLE, but low sensitiyity^^ 
must be considered when jn^terpretingVt^t v 
results. / ' ■ . * 

; b^ j=fu3r#s€ent Antlnuciear Antibody CAN , 
The AN^ teatjs the method of;€hoice aS % 
screening test for SLE^ bec^se nearly 100 
percent of the; cases that, are not on pro- 
longed steroid therapy will have a positive 
, test/ A rising ANA* titer also helps to jnn- 
. point SLE as the most probable cause; of the 
risej but low titers may be found in several 



other cohditions^ Pei^brmanci of the test ofl^ 
diluted ieruift helps to rule put some, of theiei;^j^ : 

^false positives* AdditionaL valuable informa- ; 
tion on the .caiisG of a po^itivfe ANA test cart ;J rj ^^ 
Ke» obtained 6y careful ^servation of the j 
type of nuclear fluorescence present, ^ ' ^ 

(1); Peripheral Fluprescence.Th is; ^t^ of 
J^ubrescence is due primarily to anti^NA 
antihjdies. Not ali cases of SLB^ produce 
anti-DNA antibodies^but if present, they are 
most likely due to SL]E, ^ 

^2) Homogeneous Fluorescence; This ^pe 
of flu^rescehce is due to antinucleoyotein 

* antibodies. This nuorescence can ma'sk other 
types of reactions^ but if presentj it usually 
indicates SILE or severe cases of rheumatoid 
'arthritii, ; ' - . V 

;T >^"^S^ Speckled^ PlUp 

jnuocescfence js due to reactions Vkrith huclear 
products that are not. pN A- or nuereoprbtein. 

;TKe antigens may be RN*4^rotein complexes 
in the huclei; 0LE; may givf:^this typfi'pf 
fluorescei>cej but^t is most frequently ^^een 
in conditionSiTsiach as rheumatoid arthritis, 
chronic liyer dis'easej.. systemic sclerosis 
(scieroderm4)j .subacu^te bacterial endoca^i- 
tis, and, potentially, any tpollagen disease/ 
(4) Nucleolar Fluortfscpnce^ This type of 

^fluprescenpe is du^o,.antigens present in the 

' nucleoli of the nuclei. It is, produced most 
frequently an systemic sclerosiSj but may 
also be present in significant percentages of 
cases of SLE and rheumatoid a^hritis;' 
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CHAPtfR 13 
TiSTS FOR PRiQNANCY^ 



13^1/Signm€€nc# of Kumsn Chorisnk GsriadofrQ- 
pin (HtG): , 7 . ^ ^ / ' 

a*: Jntroduetion. Huinan^chorionic gonadotro^ 
pin : (pCG) is a hormone that ir prod by 
thgv^lacen t a dur i ng pregn an cy and %un d in 
seveijar bodx fluids, inclU'd blood apd ur- 
ine*; It is also produced by certeiii rare tu- 
mors^sFocTSf^ed '^^im 

tive organs of both; males and females. Wfth 
the gxceptipn of these rare tuiporSj preg- 
nancy is tlie only condition to consistehtly 
produce HOG. The deteeyon of HdG in urine 
or serum provides the l^ij for \gregnancy 

tests.- - ■■ ' . . — v' ..' ' %\ - 

bv Typ#i of fm%t% for HCGV Until the pastv 
decade, pregnancy t^^ts were based on the 
effects of HCG on the reproductive systems 
of various animals^ Bioassay \^s necessary* 
because no other practical laboratory^ tests 
were available that were sensitive enough to 
detect the minute amounts of HCG found in 
the blood or urine of pregnant women. Over 
the years, rats, mice, rabbits,, and a variety 
of frogs and toads were used with varying 
degrees of success* However, following the 
isolation and purification of HCG and' the 
discovery that it was antigenic in rabbits, 
immunologic tests for pregnancy have essen- 
tially replaced the use of animals. Except for 
a radioimmunoassay test for HCGj nearly all^ 
of the immunologic tests for pregnancy pres- 
ently in use are based, on the inhibition of 
agglutination of either latex particles or 
erythrocytes that have been coated with 
HCG. A wide variety of these tests are avail- 
abje commercially in kits* 

(1) In most of these tests, the pfittent'^ 
urine is, first, mixed with known HCG anti- 
serum from rabbits. The next ste^ is to add 
the HCG-coated latex parti cles-^^o^ erythro- 
cytes to the mixture. If HCG is present in tKe^ 
urine, the HCG antiserum will react with 
this urinary HCG, thereby inhibiting subse- 
quent agglutination* of the latex particies of 
efythrocjrtfs. Conversely, agglutination indi- 
cates the absence . of urinary HCG^or a neg» 
ative pregnancy test, -;f 

(2) In addition, many of vthese tests can 
be performed on serially diluted serum pr 
urine to provide quantitative. HCG results in 



internatiohal units (LU.) per 24 hours or per: 
liter, The. LU. is based on the^abtivit^. ^^an 
aliquot of a chorionic gbnadbtropift itaridard 
: m a iti t a i n € 4 by t h e /Wo rl d a He a It h r gan i z a= 

■ tioni^'-'" > " [. . .[-\ .- v-;/^ - /"^''■/^/.^:--' 
e ./Sensitivity of Pr#gf%W£y fkiti. Aside froin^ 
th e oby io u s r eq u i r ei^enj ft o mainJ^ai^ an a^niV 
^mar colony^ 

jtests;for HpG is the variable sensi^it^v^fv 
these animals in detecting HCGrSensiti^y/ 
varies eVen / between an ir^als of thej a&inj^^ 
species and also with the seaspnr of the-ySw 

vin ssohif species/ Immunologie^itCO tes 
the other hand, are more readily standard- 
iMd and more sepsitive tha^n :atiinial; tests* 
^For example, radioimmunpassay can detect . 
as little as 15 LU. of HC^liter, while the 
erythrocyte teits have a sensitivity of about 
1,000 LU./liter* Even the relatively insensi- 
tive iatex testsVwhich have 'a sensitivity of 
2,000, OF more I.lJJliter^ can detect^sroaller 
amounts of HCG than can most ariimaVtests, 
The actual ^sensitivity of each test kit is 
specified. by the manufacturer, but a sensi- 
tivity of about' 1,000 i.U,/Iiter permits early 
diagnosis of pregnanfcy without being so sen- 
sitive that the small quantities of pituitary 
gbnadotrbpinSjiuteiniEing hormone (LH) and 
follicle-stimulating hormone (FSH), in the 
urine cause a significant number i,of false 
positiyea. .4 ' ' ■' 

d. HCCS in Pregnoncy, Pregnancy tests with a 
sensitivity of about 1,Q00 I,UJ/liter will first 
become p'ositive abo^ut 4-7 days after the 
expected stiarting date of the first-missed 
menstrual period. These tests are nearly si\- / 
ways positive within 3 weeks. In normal 
prjegnancies, flICG titers on first morning 
urines rise rapidly and peak at about 100,000" 

. LUJliter in about .70 days after the last 
menstrual peripd, Then, titers fall and level 
off at about' 25,000 for the duration of the 
pregnahcy/ Rapidly falling titers or titers of 
less than 5,000^/usually precede abortions. 
Low titers of HCG are also frequently seen in 
ectopic pregnancies. With nortnal deliveries, 

^^hese p^effiiancy tests usually revert to neg- 
ative in anout a week; Persistence of HCG 
after delivery may indicate a pathological, 
condition* ' ■ ■ 
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H6i3, that persistati ore 
after a missed nien^rua^ period,^ i 
bate the deyelopm&nt ©f a hydaticiiform. njO|e 
or, mbre rarely ^ ^oriocarcin^ Gpt^ 
"remov^arrif^a tnoM shou-ld result in pregn 
teits booming negative in about a 
However, a persisteMly posi|i>«- pregHj 
test a week later may indicate eithef* i] 
, plete removal of-'^e mole or ah a^om 
^ing chDriocarcinQma.^n addition, tera 
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of the jestes and o/aries f^equentlx P^^use 
positiyfe pregnancy tests duetto HCG p^opud-'' 
vtion* 

1^-2. Latex Agglylmatron lnhJbltlon'Slid# Jests. 

^ Many manufacta^rs product prggnancy 

^eit^kits Based on ag^utjnatnominhibiji^ 
tipn. In selecting the ^ k^^^^ 
consider the srnsitWfty of JJ^piethod^ the 
deQisiori* As a;rulepllatex^S^^^^ 
less sensitive than H^irid^i^^atiari/te^^ 
detectmg HCGi; B^^^s^^thf VriW^ 
manufacturei:i'' p^teiaihg^ pregrilStey / teist^ 
kitif ttased on latex agglutiJiation inhibition/ 
the procedure and irifprmatipri in this para- 
graph will be presented »in ^ner/al^erms 
only. For specific instructions, refer to the 
manufactureYs* instructicms. 

' .^ a;. Prindpfe. Pa^i^nt's \irine ;is 'm}x on a 
slide with HCG antiserum, usuari^^f from ra6^ 
bits.^Then a dr€p (or twp9, of a susbensioh Qf 
HC(3'coated latex parttelea iS'^mixe& with thA - 

, urine-antiserum mixture, and the jmixture is 
spread over an area presc^^ibed by- the m,anu- 
facturer. Th# slide is rotatW manually alvd 

' examined withih^2' minutes ;fbr aggiUtiha- 

' tipn. If HCG is present in the aririe/the HCi^ 
antiserum is neutrajiied .and aggiutina|ibn^ 
of the HCG-cp'ated latex particlA/does not^ 
ocbur-i— a positive pregnancy test. Cbnt \ 

. yersely, if nP HCG Is present in th6'^rine, thp. 
antiserum is not neutralized, ^rid agg4utiria- 
tion occurs— a negative pregnancy test. ^ 

b. Reagents and fquipmept. Except for the : 
items needed for urine collection, all items, j 
are usually suppUed:with the test kit: v ^ ' 
/ jjl) Patient*s urinfe/fresh or frozen. . 
"(2) Human chorionic gonadotropin anti- 
serum tj'abbit). •Refrigerate, hpt ; dp not 
freeze^^ v:^ : \% : " v 

(3^ HGG-coj^fed latere suspension. ■ 
erate, put db'not'ifreeie. ^ ^Hfm 

(4) Known positive ^^nd negativ%. urines, 
collected Ipcally and stored frpzin m small 

/aliqupts. = \ / rr-^r '- 
CS) Pipets, disposable, size as specked. 

(6) Glass^Hde, prdvided. J 

(7) Toothpicks or similar stirrers^a ' \ 

(8) Light saurce, preferably fluorescent. 
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ne. First roorn^* 
due/lSD^^eenacfn-i 
om ■ Samples are 
Refrigerate or 
^ bf tested in :a. 
d ^ae ^t rboW. 
r itesting. Tur- 
•jed, arid the/ 



Prelimt|is^ltepii 

(p^llect i^e pati^ 
;ing spHeciniW^ pre^rrl 
^'frationiof^Wle BjQ^, but ra 
U^all^ adteptaBl^f'if pp 
freeze spEclments that;ca: 
{ew/ hburs^ 'Specimens s 
"temperature, ^nd w^ll mixj 
, b id^u W n e s jri b^ oe n 
: supernate't^stedv 

" / (gX Allow all reageh^ to Warm^'^^ rbp 
stem^ierature be^re tesjing^ . ^ 

\(S) Test, neWly^ opiiflied rfeagents^ witjfi 
knoYTi posit^ive and negative uMnes.^ 
; d.fPrteedures, Be. sure vb fpHo/W \[nanufactufr- 
ersv instructions if at mri^anqe with thS fal- 
lowing rtepsr^^ 7 ^^^^ 

'(IX XTsin^ the pipeis pro^de^ with 
kit, place 1 drop of urini on'|a section of 
slide provided with thg kit. I V v 
Add 1 drop of HCG ^tiseriam tp 
urine, mix thoroughw With a stirrer 
rotate t^ie slide for 30/secorids. ^ ,\ .' 

I ( 3) U s i n g t h e d r 0 ppe r pr 0 v id e d w it hj th e i 
^agent, add 1 drop (op 2, if speeifiedX^of HCG^ 
coated latex susperipion to the urine-4nt^J 
serum inixture. Mix /thoroughly withW 
rer anA spread thW urine-antiserum^^latex 
mixture over the eijtire designated a^ea Ojf 
the slide. _ . . ... 

^ (4) Rotate ^he slide as specified aij^ od- 
f frve for agglutinaMon oT.the l^te%particles 
under a difiect fluorp scent light at the an^d of 
2 rtiinuteSj, 

e. RepOTmg ftesulti 
AggUAinati 

;ive. 

;^ (2) No agglutiriatfibn within 2 minutes 
Positive ' " \ ' ' 

/ (Jj FrfjeziBgi^ar well as' prolonged, storage 
at room or higher tepfiperatures, can destroy 
the reactivity of the reagents^ so refrigerjite 
them.; = ^ ^ " \ ^ . 

(2) Failure to iJlow re&gents and urine to 
warm to /rootn temperature before testing 
rftay result in false-positive (no agglutination) 
results. * . 

(8) Blood or prptein in the uririe nmy 
inhibit agglutinalion df /the latex particles, 
thereBy causing filse-positive results. ' 

(4) Do rfot use reagents beyond the expif 
ration date indicabed by the manufacturec. v 

(5) Do r0t m X reagerits from different 
manufacturers 01' even lot nlimbers^ of the 
same manufacturer. . 

I (61 Care must be exercised in interpret- 
ing results of agglutination inhibition tests^^ 



within 2 minutes— N 




because, ^nlike 



ost serologic test'results, a 



f rpoiitlye Ti^ult is indica^ by no r6aption. 
,artd*yidie ^ersa;'- ; ' ■ ". '^^ ^. - ' . ' ; , v ' 
.f -CD R^agenti must .be thoroughly mixed 
fbrj/lLlid resultp. ' • * % . : « " 
(8) All glassware rrtust be scrupulously 
' e clean an ^ free .of detergen ts. f o r valid* results 
i(9) /brying of the teft^ents en .the slide 
rrt^y simulate agglutiriatioh. 
/ (10^ Slides jnust be exaniined within the ^ 
\ time specified by thp manufactUEer. 

' (11) Patient'B serum must NOT He tested 
by 'thjs method. :Use a hemagglutination ii\- 
hibitiph rnethod. '.n; , -, ^ J 

«^ (12) First-niornjng urine specimens v^illl 
r yielB more positiyem than random specimens/- 
dufe 1^1; eohcentra^ipn of the HCG. / . ! 

(1) Known positive and negative urin^ 
BpecimenS may be tested* periodically as re 
agent * controls. Theae ^uirines may be dis- ^ 
pen'std in srriall aliq^^^ and stored frpzem 
Once thawed, the ^iquots should be dis- 

.ta^ded/ . / % y iV-.'^.., ;\ ' 

, / (2) Also 'ctvailable commierciaily is" a kit 
ba^ed on latex aggfutination liihibition with 
thfe/ pntiseVuiij and HCG-coated latex Mried 
on cards. Tlris^t requires water^ as t^ie only 
r(^gent, in ad4ittpn . to uri^e,. Another 
tag^ of this tMt^ is that- no refrigeratiori is 
required. ^ ' 

' (3) Other lajtex tfest4 for pregnahcy, based 
pri /the direct agg^ of antiserum- 

coated latex particlfe#/ are^Bvailabte conlmer- ' 

. cially. In these^iestSi urihary HCG agglutin- 
ates the Utex particles; cflnaequeTitly, agglu- 
iinatidn iis die ateg pregnancy Xthe presence of 

■^■HCG)/ / V ^. - ' ' ' ' ^ ^ y 

13^3^ "Hemd^glutinsM'^n Irihil^ttjon Tes|i, Be- 
C^us^ qf the number of manufacturers ptto- 
idlicing pregnancy kits based pn this princi- 
ple, tWe ^prGcedtire and infprrtiation in /this 
paragraph wijl^be presented in g^nera4 ternis 
only. In selecting the kit to usej be *suf e to 
consider the^-sansitivity of the miefhod in, the 
decision. ' . \ / . . ' ' • ^ . . ; V 
^ ' #a. PrmcrpJa, Diluted , patient's urine (ot spe- 
:'^^cially tAated serum) is .mixed with liquid or 
ifreeze-dried HCG antiseruni'in a. test tuBe. 
Thep HpO=6oated erythrocytea,are added, ^r 
• :freei'0-dried erythrocytes may Wave been in- 
; /eluded /wfth the fxeeze-dried antiserurri, The 
eTythrbcytes a^e allowed tQ settle, undis- 
^ til rbed , for 2 ho u rs .V I n h ib it io n b f he'ryi'sggl u - 
tinatiohf as evidencad by the formatidn of a 
■;ring of settled cells* iridicates the presence of 
HCG in the uririe—a'poSitive pregnant test. 
ConyerselyV hemagglutination^ as eyjSenced 
b y t h e f q rm a t i Qrii^jp f a - u n i f o r m .m a t o f § e tt 1 e d 
cells, irtdicates a negative test* - ;^ ;/ 
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brR^itnts and Equiprr^nt^ / ; 

il) Patient's urinep fresh or ,£rqzen,^r 
jropA'lyHreated serum, v \^ -y. ^ 
(2) HOG antiserum^ liquid or freezi&yriedw 
/ i n c 0 m bin at i on with H C G-c 6 at e d e ry th rd- 
f-cytes**. ^ ' • .-_ ' ' s ^ ■ /= ' ■. 

f3) HGG-co^Rd erythrocytes,. i.uspension 
or frefeze-dried in combination with the anti- 
serums. ' , ;y % ' . - " ' = , 
0) Diluent, as specified. 
(By Teft tubes, size as specifiied. "tests 
using freeze-dried reagents are performed ijiJ 
the Te'agent containers* " 

(6j Pigets, ser^dgical or as provided. 
(7) Test tiibe rack, preferably with mir- 
rpw.: -;= /'i. '. ^'^^ " ' . - / 

(1) Collect patient's uri^ne according to 
paragraph' 13-2c. If required, dilute the urine 
using the diluent ^lid quantities spec^^fid by 
tl\b martufadturpr.^^lf serum i^ to*"WK^sted, 
treat the serum , as specified by the bit jnanu- 
facturer* .\ ^ \ ■ ' >^ ^ 

(2) Test newly dpehed reag^"^^ with 
known positive and negative urines. ' 

d. Ppbcedure. Th^ prooedure outlined below * 
Ts given in geheral terms only* Be Aure to , 
fol^W.man^aqturer's instruction;^;,^ i 

(.ITVAdd thS specified/. volume of^upine, 
diluted urines or treated serum to.the appi'o^ 
^msfte test tube. " ; " . \ . \ ■ 
(2) Add diluent, if require3. . 
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Figure 13-1, Reading Ha msgglutmatien VnhibU 
♦ton Tests for HCd; 
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(3) With liquid reageri'ts^ add the^speci- 
' fied amount of antiserum FOLLOWED by 

the gpecified amount of thoroughly jeius-,^ 
pended, HCG-cbated erythrocyte suspension. 
V (4) Gently mix the contents of tffe iu 

\ by shading and place the tubes* in a rack. 

. NOTE:.Tubes must^be exactly vertical, 

(5) Let' the tubes stand for 2 hours at^ 
room temperature in a.^place where they will 
be undisturbed by vibration and excessive 
heat. - ' ■ 

} . - '(6) At the end of 2 hMirSi examine the 

- tubes frpm the ^ttpm (or with the aid of a 
mirroted rack) for agglu.tination as evi- 

'denced by the formation of a thin mat of 

rounded bottom -of the tube. Formation of a 
ring of settled erythrocytes indica^tes inhibi- 
tidn of hemagglutinatioh. Tubes that have 
been disturbed during^ the settling p6rio4 
.may show a raggffd-edge layer of cells. Ex- 
/arhples of pt>ssible Reactions are depicted . 
_ graphically in^figure IS-L 
^ . .8; R#pofttng Retutts^ . 

: c (1) Fo^rmation of a welUformed ring of 
^ , ceils (henfagglutination inhibition)— Positive. 
- ^ ' r . ( 2) N o^ri n g ( 0 T ST t h i n , j agge d ri n g) o f c e 1 Is 
(no "hemagglutination inhibition)— Negative* 
f. SQi^r$m% Qi Error, in general, the sources of 
^ ifirror Usted for the latex tests in paragraph 
;13r2f also apply to these tests. The following 
exceptions and ^ddit^ons should be noted:: ^ 
- V(lJ Use only test-tubes/ specified by the 
ipahufacturer, — 
(2) Th^ tubes must be exactly vertical 

- and undisturbed during the 2-hour settling 
period:? ^ * 

. (3) Be §ure to use the diluent specified by 
the manufacturer, ; , ' 

(4) As a rule, urinary proteins, do not 
'interfere with these tests as much as. with 
latex tests. 

J 3-4, Qyantttative HCG Tests. Titratipn pf uri- 
nary HCG output is usUariy perfprmed on 24^ 
hour;! urine specimens with results reported 
in LU^. excreted/24 hours. As ah alternative, 
first morping specimens may bfe tested and * 
reported in .LU/Iiter of Urine. Both latex and; 
hemagglutination tests have been applied to- 
quantitatiug HCG; by serially diluting urine 
and testing* each dilution as an, individual 
\ speqimen. The highest dilution to yield posi- 
tive results i^ then used, along '>vitK the test 
sensitivity specified by the manufacturer 
aiid the vblume of .urines to calculate the 
number, pf international units of HCG ex- 
,creted/24 hours (or per liter on first morning 
specimens).; F-or specific test procedures, fol- 
low the m'anufacturfer's instructions, 
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^ 13-5. Inttrpretatioh ef RtiuitsJ 

'for pregnancy tfests will require onlyja pb&i^ 
tive or negative resultr^lthQUgh the actual; 

. meaning of a'positive or negaiive test varies 
with the,»sensitivity of the test procedure' 
bfing used, most hemagglutination Jireg-; 
nancy tests will be ppsitive when H( 
centrations exceed about one interhation^l 
unit/ml (1,000 I.U./liter) of urineVor semnr, 

»but latex tests are tiiuch less sensitive. ^ji^ 
same .tests are negative at HGG cowfCentra- 
t io n s b e 1 0 w t h e s en s i t i V i ty spec i f ie c\ by the 
manufabturer. . " 

a. Normcil Prfgnsneits/ Immunologic' preg- 
nane y te S ts U S U a lly b e c 0 m e V p 0 s i ti V e wi th in 
the first week after the f irBt-^Sfrissed-^en^- 
. strual period and remain positi\^ through- 
out the-course of: uneomplicafed pregnant i est J 
Occasionally^ "tests may ^revert, to negative ; 
latef ill the pregnaitcy when HCG levels fall. 
After delivery, th^ tests usually become neg- 
ative within a week. Persistiahc^^of a positive- 
test more than a week ^fter- delivery most, 
likely indicatea^a pathological condition, such 
as hydatidiform mole, cfioriocarcinoma, or* 
gonadal teratomas;-- ...^ f^r^^ ; "^^^i 

ietbj^U Pregnanciti* Pregnancy tests are 
frequently ^negative during these pregnan- 
cies. \ \ ^ . ..^ . ^= . . ^ . 

C. Threatened Abertigns. Although prfegnancy 
tests cannot be used as a reliable indicator of 
fetal death, falling HCG titers or titers of 
less than 3,000 LU;/24 hours (5,000/liter on 
first-morning Urines) usually indicate inevi-. 
table abortion. 

d. Hydotldiferm M©l#r These intrauterine tu- 
mors are usually associated with very high 
titers of HCG. These titers must be. differen- 
tiated from the transient peak seen in nor- 
mal pregrjancies/ Qccasionally, these tumors 
are. accompanied by low,. but detectable, HCG 
titers- Fbllowihg complete removal of the 
m&le,' pregnancy tests:should revert to hega- ' 
tive in about a week, in factj a. persistently 
positive test following attempted removal of 
the tumor may indicate either inca^nplete 
removal or, mc^e seriously^ choriocarcinoma. 
^ e. Chqriecamnema. These HCG-prbducing tU- 
mors may develop in conjflnction with' hpr- 
mal pi^egnancy, .incomplete abortion, or hy- 
datidifdrm mole. HCG titers are generally ^ 
very high in these tumors, but these titers 
must also be differentiated from the trans^ 
ient peak seen Jn normal pregnancy, 

f. Ovarfsn and Testkular^Teratemas^ These rela- 
tively rare tumors also produce HCG. Conse- 
quently, the usual pregnancy test^may be 
rejquested=-even on males,, • , 
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, Fat5@ Negativ@$/Due: tocthft high s,ensitivn 
Jty (about 1 umt of HCta)ml)YoKimm^h 
pr&gnandy testVi false-nef a.tive tfests 'are- 
rare. However, if 'urme ap^cirhe.ns' are col- 
lected too early, in* th« iiregn^i^cy, negatfve 
results "^may beobtairied/In r^^^ ' 
ened abortidhs and^ecto^i^ pr^ghkncies are 
frequently as-sociated 'wfth very Jow:ieTels of 
HCG. Tesiiin^ of'' fir^t m"o£nirig^urines , will • 
help minimize the^^^ccKirreriee of false nega- 
- tive^, ' . _ ' " ' y\ " ' , ^ '.^ 
h; False ^Positive, positive pregnancy^.: tests 
due to HCG produaed by hydatidifoim moles, 
choriQcarclnomar and/related, tumors should \ 



\y \, / \ - _ r , ; 

not.be CQfnsidered fis; false positive; flbw-everj 
occasiogal high .urinary ^levels c^f the pitui- 
tary gonadotropins, luteinizing hormone 

v(L^H) atid follicle-stimulating hormone (FSH)j' 
may caqse false positives. Although the aeff- 
sitivity of imnunologic pregnancy te^s are 
adjusted v.to^ii'^lude .most false po^itiVes^^ 
care must be exercised +n mterpreting preg- 

^ nancy, tests on urine collected during'^^vtila- 
tidn \(high LH) and! menopause (high -FSH). ^ 

. rln additipnj blopd or p/oteine^in the urine may 
eaugB\falfc-positivfi results by inhibiting ag^ : 
glUtiriktioh^opfte HCG-coated latex or eryth* . 
rdcyte suspimsion. % ^ . 




Chapter 14 / j r'rfl 
TISTS FOR RUBiLLA ANTIBOblfS 



= ; 1^1^ Sljnlfksnii of Rubflla 

a.»Thf Diseaie; Rabelia, also called Germain 
> or 3-day measles,; is usually an Insignificanti 
contagious viral infg^tidrir In addition, a sin- 
V Infection usualljr cbnfers Hfeldhg immu^ 

^j^y- -Although the di^ekse may reach epi^ 
^p--^dfemi<p proportaon 

- young adiilts, symptonis^ and icomplicatibns 
^; are usualljr minim ah However, if the infteted 
patient^happens to be^ a pregnant woman in 
; thA^ stages tf pregnancy; the e^ct on 

. h^^^ 

^ ^ V b; Congenital Rub^fa, An Infected pregnant 
. ffemale can transmit WbWl la: to the fetus dut^ 
/ : ing a timeiisually limjted jto the first trimes-^^ 

w - ter of preghancy^Frequently, these p^gn^n- 
^ : -cies result in apOTitaneouB abortions, but if 
> the/fetus sh be caj^ried to term, a high 
^ v ; percentage of infected infants will be born 
^ with various abrtprmalities/ The earlier In 
r*^ ;th^ pregnancy that irifectioh bccura, the 
/greater'^flie chance of fet^l malformations— 
; _ i^^^ if infeptipn occurs during 

^^'^th jDf pregnane^. Any organ 
Systerti of the fetus^may be affected. Some of 
i the end results may be IbSy birth weiyht; 
i ; feilure to yirive; eye involvement r^ulting 
:^ /in chorioretinitis/ glaucoma, or cataracts; 

^ntrai nervous system involvement result- 
' Ang in cerebral t)alsy or^retardation; deaf- ' 
n^ess; and malforma*tions^of the heart. The 
ineideiace bf severe fetal abnormalities is so 
hi^h that therapeutic abortions are usually 
v .^ warren t^d when a pregnant woman con- 
•trketi rubella during theiirst trimester. The 
• detection of- susceptiblity to rubella and the 
identification of infected pregnant females is 
'usually the responsibility of the serologist; 
c. Immunity and Susceptibnity. As mentipned 
^ above, a singlfe rubella infection usually con- 
fers lifelong immunity to reinfection. In addt- 
tion,, an immune pregnant woman passively 
- transfers antibodies {.affd short-lived immu- 
nity) of rubella to her developing fetus. This 
Immunity Uiaally lasts for about 6 months 



%fter birth; By then the maternal antibodies 
in the infant have fallen to a low enough 
titer for the infant tb be susceptible to ru- 
bella. Uftfortunately, about 15 percent of 
pregnant women will not be immune tp ru- 



bella/ and, therefore, cannot* transmit; anti- 
bodies to the fetus* It is thfese women thai 
are susceptible to rubella and have thfe hi^ 
risk of delivering malformed infants. These 
- women jnust be identified^ especially if they 
are exposed tb (ot^ actually cdntractX rubella 
' e^riy ih^igfeBtatibtt^tb^^ 
tipns*may be indicated/ ^ . ' ^ _ 

dy Pr©v©ntiori of Rubella. There ii no practical ' 
treatrnent* available' for rubella, Therefbre, 
all ^ approaches (short qf* therapeutic aboi^-v 
tioh) for minimiEing the problems of congeri- 
tiaf rubella have been direct^ed toward pre- 
venting the disease. ^Two maift metliods have ' 
been used— immuhizations arid injectioris of 
gammaglobulin. 

(1) Immunizations, In 4'€cent years, at^ 
tempts have been p\ade to reduce exposUr^ 
of pregnant fentales to rubella cases by mass / 
immunizations of children with an atten^ " 
uated rubeUa vaccingp Althpugh the vaccine 
seen^ to prevent clinical eases of rubella, 
*inimunized\ individuals may actually cause ^ 
^greater dariger-to nonimmune pregnant fe- 
males. It hM been found that in\munized 
persons may stiir have subclinical caies and 
trahsmit viru% to a now unsuspecting preg- - 
*ndnt female and others. The wholt question 
of the effectiveness of mass immuniza*tion in 
preventing cori^entiai rubella is still being 
studied. However, immunization of suscepti- 
ble, nonpregnant females of childbearing a^e 
. is usually indicated,- butU>irth control muit 
be practiced for 2 months following immuni- ^ 
zation as a precaiition against complications 
due to the use of the attenuated vaccine., 

(2) Prophylaxis with Ganima Globulin,^ 
If injected before the 'patient is exposed to 
rubella, large quantitites of gamma globulin' 
(aritibodies) will prevent clinical cases of ru- . 
bella^for a short time. Uhfortunately, how^ 
ever, pregnant females given massive doses 
of gamma globulin may still develop a yire- 
mia, and fetal infections may occur even 
though the Mother shows no signs of illne^Sv 

e, Tvstg^r RuMlN^Antibodm. Seve ^ero^^ ' 
lo^c t^^s have been developed to determine ' 
an individTJars susceptibility to rubella* In 
addition, unleis the virus can be isolated and- 
identified (a' time-consuming project requir- 
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in^ specialized techwiques), '^evbl^ic 
• testi \ may be msed In the d lagiic^is clinic al 
or -^tibclinical cases of the'disgase. Some of 
these rubella antibody tests are cotnpl^ 



. fii^oh/; indirect^ fluorescent 'antibody, neu- 
tralization (various types), and vu^al hemag- 
gtutination inhi^ttion tests. The phly tests to 
' be covered in this manual are two^modifickr 
tions of the hetnagglutinatioh inhlDltion test, 
(1) Antibodies in fllinical Rubella. Detec^ 
able levels of rubella aht^ are usually 

preserit at about the same time as the rasb 
appears in rubella. Titers reach a peak in a 
week or two, and with most of the serologic 
__Aests, Jthe t it ert^ s^ 

^ In the hemaggliitinatio^^ a 
titer of 1:10 fl^e/some author^) or greater 
usually indlqates a past rubella infection or 
immunization and, most impOTtant, lifelong 
immunity to reinfe^ion, Individuals with ti- 
ters of less than 1:^0 <or l;8)^are usually 
susceptible to rubella, If a, patient has not 
been immunized, a fourfoTd'or greater risie^in 
titer is indiqative of active disease; however, 
since; the titers rise so rapidly, Ahe first 
serum specimen must be collected very early 
in the disease in order to demonstrate a: rise 
^ ih titer^ ' ' Ji . 

- (2) Antibodies in^ Congenital RuBella. The 
serodiagnosis of congenital rubella is) diffi- 
cult, but as a ruli^ if the antibody titer of the 

" infant at about 6 months of age is the same 
as it was at birth, cpngenital rubella is likely.. 

^ By 6 months of age, the titer of rubella 
antibodies received from the mothM-should 
Be very low so th^jj a significant titer of 
antibodies' will mosf^c|ly haye been pro- 
duced by an infected^fnMit.'Another method 

. ^^is to detejjt IgM rubella antibodies ih the 
infant. Only IgG antibodies are acquired 
frtfm the mother to the presenpe of IgM 

^ rubella antibodies in the infant indicates 
congenital rubfella infection. Tha detection of 
IgM involves testin»the infant's serum be^ 
fore and after tcea^ent with 2-mercapto- 
. ethanor which breaks down IgJC antibodies. 
A dro^p in/Ater after 2^mercaptoiethanol 
treatment inBieates congenital; rubella. * ' . 
^fl4-2.. HemagiFytiriQtlen Irthibiflsn ^HAI) Jest, Mi» 
. cretitratisn^thedr, I ^ , 

a. Prirrcipl©. There are three main steps m 

' the performance of this test: ^ 

(^) Antigeri Standardization. KnoWn ru- 
bella virus is seriafy diluted with miorotitra- 
tipn equipment in the approijriate buffer. 
Then, a suspension of. pigeon, goose, human 
group 0, or 1-d^^ld chick erythrocytes;is 
added. The rubella virus bas the ability to 
aggluti-nate theie cells in tK^^^^fe^ Kigh^ 
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. est :^ilution of virusjtb: produce complete/; 

agglutination' of the, erythvofeyte^ is consid^. { 
' ered*to be one hemagglutinating"(HA) iinit. / 

Four HA unit&are used in tbe test.pro^er. / 

v> - : (2) AdBorptioxi of Ncmspeciflc 

■^from Serum. Airsera ^ntain substanc^ * 
(mainly beta-lipoproteins) that nonspecjfi- 
caily ir^hibit hemagglutination by the rubella 
virus. Since the HXI test is based ion the 
tnhlbitiDri of hemagglutination by anti-ru- 

. belia ai1tib6dies,(specific inhibition), ^l rYn- 
specific inhibitors must be adsbrbef frdni the 

jerum before testing* In addition, soiiie ^ra 
may coWtain agglutinins against the erythro- 
cytes :tri;beusedJn.the.:test. 
ins inust^also be adsorbed from the sferum 
before the testis performed, Two basicymeth^ 

' ods for the removal of nonspecific inl^ibitorti 

4 are in use, with some serologlsts preferring 
the kaolin niethod, and others prefei;ring the 
heparin-manganous chloride method* poth . 
meih^ds will be presented, fn this manuaL. . 
(a) Kaolin Method. Nonspecific/inhibitors 

are absorbed Cjom the se,rUm at /ropm_ .tem- 
perature b#the addition' of a suspension of 
kflolin. Aftir the kaolin (and attached inhibi- 
tors) is sedimented by 'centrifugation, a sus- 
pension of absorption ery^throcytes is incu- 
b ated with the supernate in the cold* After 
incubation, the fixture is ceni^rifuged again. . 
. After heat Inactivation the supernate; is . 
r^ady for testing in the HAI test. As an 
alternative, the serum may be inactivated 
before kaolin treatment* 

- (b) Heparin-Manganous Chloride 
Method. 16 this method, nonspecific inhibi- 
tors are precipatated with a mixture of hepa- 
rin and manganous chloride followed by the^ ^ 
erythrocyte suspension to remove hemagglu- . 
tittiris against the test ceHs from^the serum, if 
present. The'supernate is tested in the HAI 
test without h^at inactivation* 

(3) Hemaggjutintftion Inhibition Test* 
Using microtkration equipment, the super- , 

. hate prepared from the kaolin *or heparin- 
manganous chloride adsorption is serially di- 
luted in the appropriate buffer Then, rubella 
virus (^ur HA units) i^ added to each dilu^ 
tlon and the mixturg^ncubated in^the cpld* 

^ Poilowing incubation, a suspension of erythro- 
cytes IB added to each dilution. The presence 
of antirubella antibodies in the patient's 
serurfTi^ Indicated by the inabflitr of the 
rubella virus to agglutinate the indicator 
erythrocytes. If. #11 control sera and retitra-- 
tioti of.the rubella HA antigen give the ^ 
pected reactions, the antibody titer of the 

--rpatient^s serum m reported as the highest ' 
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.'. serum dilution ;td c6mpl^ely inhibit hemag- 
: glutination ^ the virus: % - . ' • 

b« Reagents and Iquipmenf! The teagents for 
\ this itest are avaHable commercially from 
/ SGiVeral sources in kit form. Bp sure to follow 
manufacturers' instructions mt all timesi For 
*best results, use.prily reagentS/from a iingle 
manufacturer in a given test run. Dp not 
.substitute. Do not use reagents beyond the 
expiration date. . > — ^ 

(i) Rubella HA antigen. " - . .\: 

^) Buffered diluent^ as. specified by the 
kit, mariufacture'r. " Usually dextrose-geiatin-' 
veronal (DGV^ b^HEPES to is' usdd;: X- ; 

(3) Indicator erythrocytas, 0.25. to O.S% 

' suspension. ; ,^ ' - " * : . y 

(4) Adsorption erythrQcytes,. 50% suspen 
sion. Some manufacturere co,mbinfe. these 
with the nonspecific inhibTtor adsorbent. 

(6) Hphspecific jnhibitor a^br 

■ ^=either:^^^ // ^;"a./--^..^ 
: (4) Kaolin sus^e^sion or ; * v 

(b^Hepartn-manganoiis chloride. 
^;.L.Sodi^m,hepariri, SOOO im^ 
, ; v 2. MnCy I ril^lar so ^ 

(6) Patients' 'ser^ an contrpl serkj^as 
follows: ^ \ \ 

(a) High-titered .poptiveV " 
* (b) Low-titered positives 

" (c) Negative (less than lowest dilution 
teated). ^ _ ^ 

, (7) Water bath, 56"a ' . 

(8) Refrigeration, 4^C (range 2^C-8^G). . 

(9) Centrifugfe, re^igerated, 4*C. ^ %\ 

(10) Microtitratiori equipment. Complete 
kits are available comjmercially. The follow- 
ing items are needed: - ^ 

. : (a) -'V" plates, permanent or disposable. 

(b) Pipft droppers, 26-micr6liter ■(0.025 
ml). " * 

, (c) MicMdiluters,-25-microliter (0*025 

. mii ' . :^ ^ \ . ' 

/ lid) Delivery tes'terSi^ 25-microliter, . * 
(e) Plastic sealing tape, rolL' ' 
(0 Test "reading^ mi rrpr, option&l .but 
helpful/ ^ 4 « V 

(11) Test tubeSj 10 or l2^x 74 mm. 
. ^12) Beakers, 2S0 mL ' \ 

(13) Cotton swabs. 

(14) Burner, Fisher or Bunsen. 

■ ; / (16) Pipet, seroPogical, 0.1,^0.2, and 1 ml. 

(16)r.Test tube rack* * - ^ 

c, Freliminafy Stf piL, ^ » 
V (1) Use of Microtitration Equipment: 
(a) Pipet Dropper: 
1/ Fill pipet and hold it vertically 
over the wells of the lyiicrotitration plate to* 
disperse drops, • * \ V 



' 2, Dropg that miss the wflr may 'be 
wiped up with a cotton swSb^ ; ^1 - 
/ (b) Microdiluter Preparation: V 

1. Wash diluter ih running /water, 
rinse ill distilled NyatW, and altew to dry* 
Diluterp niay; also^ be flam«d**and ^cooled to 
room temperatuft. - 

' 2. Prewet dilut^^ (calibrated portion 
. only) in just enough diluent, (or water) in a, 
beaker to -cover the calibrated portion. Do 
" not wet shaft* , 

8. Fill diluter by rotating hanHle. » 
4* Test diluter on the delivery test. If' 
the diluter fails to dispense the proper qtian- 
tity continue prewettihg step * and^^^^ 
"Hater/ . - ^ , 

(c) Serial pilu^ion with Microdiluters: 
/ 1. Put appropriate diluent in wells of 
I r^icrotltration plate according to test proce- 
dure. •- ^ ■ : • ; y .. 

I 2; Fill pretested diluter in fluid 

.(serum or virus'suspensiori) to be serially 
diluted. . ' , . ; : 

* 8^ Place loaded diluter in appropriate 
well WITHOUT touching sidewalls lof the 
. , well, • • --■ ^ ■- 

, ^ V 4. Rotate diluter in dilusnt (or 4 sec.^ 
5. Trartsfer .diluter to next well and 
repeat^eps 3 and 4 until serial dilution is 
c6mpl_^K / / 

(2) Rubella HA Antigen Stahdardlzation. 
This standardization needs to be performed 
only bhce on each lot of antigen, but 'the 
dilution of virus is confirrned each time the 
hemagglutination inhibition ,(HAI) ti^st is 
performed on a batch of sera, 

(a) Make a 1'.4 dilution of rubella aati- 
|eh in cold (4^C) buffer (0.1 ml of antigen to 
6.3 ml of buffer). Mix ind incubate at 4^0 for 
15 min before uiingi^- % . 

(b) Place 0.025 ml ^f buffter in %ach of 
^ nine wells of 0 microtitration **V*- plate. 

. ^ (c) With a 0.025 ml diluter, serially 
dilute 0.026 ml of the 1:4 antigen dilution 
through the first eight wells. ^( \ ^ ^ 

1. Di^ard 0,026 ml froi%well #8. 

2, Well #9 4s the ^cell (erythrocyta) 
control and receives no rubella ahtigen. 

g& VhiB dilution pattern results irts. a 
^ofora dilution starting with 1:8 in the first^ ' 
well. This is the dilution used to determin©^ 
the antigen titer. Subsequent additioM of 
rdil^ysnt and erythrocytes are not considWed 
in t^e dilution. 

^ (d) Add 0.025 ml of cold bufffer to each 
weJL ^ ' / 1/ ' 

^ (e) Incubate at 4°C for 15 min. . 

(f) GEl^TLY resuspend the indicator 
erythrocytes (0.25 to 0.5% suspension) andv 
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TQble^14^: JtUbel la Antigen Stdndardiiofldn^ 



. tahit 14=1 . RuhKlk AiiUgen JuCnUfflfdiiaiiHii, . 
!"WdU. Number ' I 



Buttefi nil 



^SRb.glia HA 
Ant I gG Hi fftl 



Indic.itor • 
Erythroev te§ J nil 



Tetal Vo lume , ml 



DblLitiOn si 
HA Anti^eJi . 




0.025 






1 ■ 






r ^ 0.025 




0.025 


0 .02 5 



0,02s 



OvOiS mil l il iters df'; 



n4 

{From 'Scp^ 
arate^ Tube] 



■0.023? 



B»025 ■ 



0.J325 



. 0\Q2 5 



^ 0. ttl5 



.1 :3: 



1.^ 32 



0.f02S 



■ 0..a25^ 



ft? S 



0.025 



0 . 0 M 



-OiO^S 



1 : 12.8 

i. ■ 



o:D2S" 



9^02S" 



0 .OlS 



: O-Ov's, 



1 1 1&24 











0 . 0 ■ 


^ - 




; 0 


Son'e 







6 * 02 & ^ 



Cfli 
CDntre.l 



add 3.025 ml to each welh/rhe';pBri^^^^ 
the HA procedure is sho^ graphically ^^m 
^ table ^ 14-1. ' / - - . = . ■ 
r ^ * (g) Mix by gently tapj^niyi^^l^ 
cover each plate^y stackmg^i^^RlAt#3f^^y ; 
svwth plastic sealing tape. 

: ^ (h) Incubate plates at 4^6 (2fefi^K|^^,. 
ll^o 2 hr or untircell control (well #0f^li6wsV- 
a button of cells at the bottom of tHei«^el^^r^-^ 
not iAcnbate 4onger than needed^ Readings^ 
are made by examining the 'plates from the : ■ 
bottom or with a reading jnirror. , 

(i) Record the highest^ dilution of ru- 
bella antigen to produce COMPLETE henv 
agglutinatidn. This dilution contjains one HA 
uAit. Sfee figure 14^ j for a typical example of 
HA aritigen standardization result. ^ ; - / 

(j) Calculate the dilution of rubella an- 
tigen |hat %iir contain four HA unitt by 
dividing the dilution observed in step jji) by 4. 
. this k the working dilution;(4 HA units) to be^ 
used in the HAI test on the- patients serum. 
iaXAMPLE: If a 1^128 dilutioh of virus is the 



Ifighest to produce complete': agglutination^ 

^(sWe figure 14^1), 128/4 ^ B2 or a 1:32 dilution] 
of ^iriis will; contain 4 H^ units the con^n-; 
tf ati^ to be used in the H[AI test* ir / 

i*. (8) Adsorption of Nonspecific Jnhibitprs: 
From Serum,: Two methods for the removal 
of hohspeoii^ inhibitors from serum . are in 
u^e./Use the "method specified by th^ kit 

^manufacturer. Do not interchange st^ps in 
'the procedures betv^een methods. 

/ (a) Kaolin Method: ^ , 

1. Inactivate all sera (incladin^ pa- 

' tient's, high-positive, low-positive^ ^afid nega- 
tive controls) for 30 mijn at §rC. ;A^an al^r- 
native/ in actiyation may be perfo^rhed on^he 
supernate after the adsorption ste^s^ ■ ' - 
2/ Add 0.4 ml of kaoliri";su§p,eniion to: 
0; 1 ml qf e ach in activated serum irv prpperi 
labeled test tubes, ^ ' X : - * _ 

3. Mix by shaking and incubate; for 20 
min at room temperature. / \ 

4. At the end of the incubatiott pe- 
^riod, centrifuge all tubes at 4^C for 20 min at 

2000 rpm.^ ■ : ^ 




Figure 14-1, IxampI©, Rubella HA Antigen Stand^i^jzanonf ^|ulti 
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6. Leave the supernate in the tube's 
and add 0.05 ml of adsorptipn erythrocytes 
(50% aufcpenslon) to each .superhat^ and 

^ahake the. tubea. . • v = 

^ 6. Ihwhate ill .tubes ^t 4*C for i: hr 
Y^^h periodic shaking. • Z"' ■ ' 

7. Cen^ifuge all tubes at for 20 
inin at 2000 rjpi. 

8. - Without disturbing the sedimented: 
Jrythrocytes and kkolm, carefully collect and 
. save.the supeBriate.' These adsprbey sera are 

ready for testing immediately or may be held 
for a day or two at r to 8^C. The adsorbed 
sera are cor^idered to be at a 1:5 dilutions v 

:■ JVIethodr^: :.; 

- •; . 1* toetermtnr^he volum^ of hepariii- 
. manganous chloride soj4ition needed to add 

0.1 ml/serum to^e tested, including high- 
titered positive, row-titered positive, and ; 
; negative coritrols. Combine equal vdlumerAft 
" heparin and- mafiganous chloride solutibhs 
* \to yield the required volume. 1 . 

- 2, Add :0.1 ml of serum to 0^2 of 

- buffer jn a t^st tube and mix by.shaking. 
I^OTE:' Sera $re NOT heat^inactivated for 
this method. ■ . 

3. Add 0*i ft^l of heparin-ihangalrioas 
chloride mixture to each tube and mix by 
shaking. 

4. Incubate tubes for 15 mirv at 4?C. 

. . . / ; 5* After inbubating, add 0:i ml of 
^sorption erythrocytes (50% suspension) to 
e^eh tub^, remix and rncubate for 1 hr at 4^0. 

6. Centrifuge^±ubes at 4^C For 20 mih 
^t 2000 rp^m; ^ 

■ 7. Without disturbing the sedimehted 
erythrocytes and precipitate, carefully col- 
Jact and save the supernates. These adsorbed 
^ sera are ready for testing immediately or 
!Tiay be held for a day or two at S^ to yfe. The/; 
adsorbed sera are already diluted 1:5 by this 
method and ai^B read^ jPpr testing W 
heat mactivation. If a'ptecipitate forms dur 
ing storage of the treated' serum, recantri^ 

' drP^ctdure; 

. (1) Co^ifirmation of Antigen. Dilp,tionV 
This confirmaitipn of the dilution of 'an^ 
ContaiTiing 4 HA units must be performed at 
the same time as each batch of HAI tests. 

^ (a) Standardise the rubella KUL antigen 
according to the P^Qcedure in paragraph 14- 
2c(2) and" calculate the. dilution of antigeri^ 
containing 4 HA units, 

Cb) . Determine, the quantity of 4^uriii 
antigen heeded for ifhe batch ofHAI tests to 
be performed. Each patient's serum arid coh^ 
ti:pl s^Wum will r^equire 0.125 ml :of 4.unit 
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antigenrin addition/ the eoaflrmatfon of th§^ 
antigen dilution wiir require=0,Q5 mt of 4^nit 
antigen. '^j^ - . " V *^ ' 

Dilute just enough 'rubella HA anti- 
geh for the batch of tests' to a concentration 
of 4 HA units with cdltf buffer. Eifet ftand at 
4^C for 15 min before t^Btir%. ^ . ' % f 
(d) Prepare six wells of a microtitration 
plate, and put :Q.Q25 ml of cold buffer in 
wells #2 through #6. : 
' ' (e) Add -^0.025 • ml of pr&p'ei ly. tiiluted^! 
./rubetia; antigen (4;:pA uniti) to wells #1 and 
: #2. Uslng^a; microdiluter a with 
S well #2, serially^dilute the antigen through 
■-:^weir*K""^V::v^^'^""'"~^^"^^^^-^ 

1. Discard 0.025 ml df antigen-buffer 
mixjUre from well #6. j ^ ;;. 

, ' 2. Weir #6 is the cc-11 (erythroc^yte) 

coptrpl and receives no antigen; ^ =^ v ' 

a. This :diiutifiiiv scheme has '4 HA 
J-'unlts in well :#a;^2 HA unitrin well #2, 1 HA - 
: unit in^^ell #3?and so forth.' 

' ; (6 Add 0.025 ml of cold buffer to each ^ 

■ ^ well. . . , ' *^ ' ' . '"^ 

' ^ (g) Gently resuspehd tile -indicato¥^"" 
erythrocyte^0.25^to 0.5* suspenslori) and ^ 
add. 0.p25;TOl to each, welL NOTEi^^jgi^ addi-^ ^ 
. tion of erythrocytes should- be made ^it the 
same time\&s erythroQytefs are added to the 
HAI'teits. . z'^- ' ^ >";'-.v;= 

^ (b)^ix by gently tapQihg plates arid 
^over fach opiate by stackfng the plates or 
with plastic sealing tape. : ^ 

/ (i) Incubate plafer (at same time as 
HA;f,tests) at 4^C (2" to 8"C) fbr'l to 2^hours or 
until the cell control (well #6) shows a button 
of cells at the bottom of the well. , , . : ^ " 
(j) For valid results* thisfcbnfirmatibn 

■ of the antigen should show^agglutination 
through well p;(one^^^^ unit), arid the cell 
cont|;ol niust be negative. However, results 
may al^so be corisidered valid if the test indi- 
cates Chat at least two HA units of rubella ^ 
antigen is used. Twp HA units w^uld be 
indicated by agglutination in^^wells #1 and . 
#2* Antigen dilutions *not producing agglu- ^ 
tin ^tioii;th rough wejl #^ #3) 
must be::^estandardi2ad. Th6 procedure for 
the confirmation of the antigen dilution is ' 
shown graphically in. table 14=2^^ 

(2) Hemagglutination Inhtbition tHAI) ' 
T^st.^Microtitrp^ion Method ^ ;1 , 

(a) Adsorb nonspecific inhibitors from, ' 
tlie l^atient's seta ariS all "control sera' bjr' / 
either the kaolin or hepariri-manganWs dhlp-^^^ 
ride method described in paragraph 14^2c(3). 
.This, treatment- makes a llft-liiiution df the 
'Sera. •. ^ " / \. v r- = 

: / V (b^P^'®pa^e se^^^^ 



^^T«ibU^i442. .'CpniFiriTiation pf Rubella Antlian DilMlion. . 
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I Table.i4-fc Conftrmation dif Eubalia Antigen Dilution; ' 



Btjffer , ml 



4 ^HA unix,:^ 
Standardized 
Antigen^, ml 



Buffed J ml 



IfidicatQr 



,To ta*l Volumes ' HI 1 



lu t i:on 
ha' tjril.t^ ■/' ■^■^-^■y^y::: 



None 



0,0 2 5 
rnl. ■ 



q/Q25 



0 ; 0 2-5 
ml 



0.02 5 



0.025. 
\ ml ^ 



0 .02S 



.0.025 



PlScrird ■ 
0,0 2S mi-' 



0 . 0'2S nvi.ili 1 iter? , of ^ 



4 HA-Units - CFrom. 
Separate Tube)/ 



,0. 015 



0 . P^S^ ; 



0 ;025- 



th^ first serum ;tp,ti^ 

Mch additional-'patifint'S^iemm. AlsOi pte^: 
pare six wells for each of the .following ad- 
sorbed control sei^f -^-^-^^^^ 

" 3- Negative. ^ 

(c) Add 0.025 ml of coJd buffer to wells 
^ #1 through #5 and OM ml to welk ^Q. and 
* #7/nOTE: XlUreagents inufet b^ i^C for 
testing. ^ ^ ' * 

- IS) Add 0.025 ml . of adsorbed (1:5 dilu-\ 
tion) ierum to wells #1 and #6. * ; ' 

^ (fi)iSerially dilute 0,025 jpiil irom well #1 
thrGugh'wen;#5. ftepeat the dilutid^ for each^ 
■ serum. . ' ■ ! . ' ■ 

1. Discard 0.025 ml of serum-buffer; 
mixture frb^ well*#5. ;rffim dilution pattern 
^egults in a twoiold dilution starting .with 
1:10 in thaifiBt welh Subsequent additipns, of 
M dilu&d rubella ^tigfen and ery|lTE0cytes are 
no't considered in the diiutioh. ' ^ ^ 

; - .B/ Welf #6 , is the serum control ^or 
. -thte detection of erythrocyte agglutiriins that 
^ may not have been completely remoyed frorn 
the serum during the adsorption iteps. One 
of these is needed for each seruin. tQ be 
tested L ' ■ . ' ' ■ i 

^3v Wyr #7.is thi\cell^(^ 
: controb Only ^one of theBi^^5 r^eeded for each 
Hbatch. of tests, but more may be Used, if 
; desired; ^ : . ^ ^ 
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We 14 

-12 ■ 



-:o . 02 5 



'0.:075 



Well 



0 . 02 5 



0.02 5 



0.075 



,1/2 



^ Wei 1 



0 .025 
^ — I 



0 .-^25 



0 , 0 75 



1/a: 



.0.035 



l^dne 
(Cell^ : 
Coil troll 



0 .025 



0.0 2-5^ 



0.075 



Coll 
.Control 



^ . : ,v:(f) Add 0:025 ml of diluted (4 HA units) 
rubeila HA. antigen to; wells #t through #5 
onlyv Wells #6 and #7 receive ho antigen. 

(g) ,Mix the jcontents by gently tapping 
the ed^e of the pMte and^iover each plate by 
stacking the . plates or with plastic sealing 
tape. • ■ ' . '.■ 

(h) Incubate the plates at 4^X: for 1 hr or 
as recommended by the kit manufacturer. 

(i) Aft^r incttation, gently resuspend 
the indicator erythtoteytes (0.25 to 0v5% sus- ? 
pension) .and -^addi 0.025 ml to . all seven wells. 

(j) Mix agtin by gently tapping the 
plates, cover the. plates, and incaihate at 4''G 
for i to 2 hrs or until the cell control (well #7>^ 
sh^ws a button of cells at the bottbrn of 'the^ 
welL Do tiot mcubate longer nhan needed, 
NOTE: Perform thife ir^ubation at^the same ' 
tim^ as the 'antigen diUition* confirmation is 
incubated; 

(k) If all controls and the confirniatioij 
of the antigen dilutirirt indicate v^lid results, 
record the highest dilution of patient's serum 
^ to produM COMPLETE INHiBITJON of ag: 
giutination of the erythrocytes as^he rubella 
HAI titer. For valid results, the following 

Conditions must be nietr " 1 

. . 1. Confirmation of Antigen Dilution. 
At least wells. #1 and #2 (and ideally also #3) 
must show agglutination thus indicating 
that the antigen dilution used in the HAI; 
testcontained at least 2 HA^ units (twoiwells 
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Table 14^ Rubella 



lagglutln^h^A'rnhlbitian 



TabI© 14-3.'.Rubella Hernagftlutinatipn inhtbitisn Toifc. 




arelutinated)-oF;ideally 4 HA uniti (thr^ 
^wells ^^gglu^litated). In addition, the cell-con^^ 
^^trbl (well #6) must sh 

2, High and yLo^pititered Coriitbl^ 
Sera, In Wbition musl be within ± 1 wMtt pt!^ 
expected values. Results more than pp^^^^ 
from ^/expectation should be con^id^fedN iri^ 
valid and the t^st e^ajnined for po^sibli' 
sources of errbrv^".'^ " =:fA'K : ' 

/ : 3. /Negative ControL SeruniVjj^d^hm 
^ bltion. If irthibition of aggluynati 
; ^cornplete. removal of nonspecific inh|bi&FS 



shpuld be suspected. 

: : 4.{ Serum Controls , (w^ll #fl)^^^N^ 
glutination. Aggljatination Jndlcater iricom 
plete removal of erythrocyte agglutinins 
from the serum. Another ;aliqubt of 4erum 
should be adsorb0d byvthe selected method 
(kaolin or he^arin-manganous chloride); but 
with the addition of 0.2 ml of ad'ioriJtjoh 
erythrocytes instead of the O.l ml normal^ 
used. ; . . 



5. Cell Controls 
tination. AggluUii^tidri would indiaat^^u- 
toagglutinatidh inflv unacceptable erythW 

= cytes..^ '.^v '; -/'{^.j V 

;C1) The HAI prdcedure is ahowri graphi- 
cally in table 14^8 and a typical example of 
HAI test results is sliown in figure 14^. i . . 

e. Repsrflng Reiultsr: 7 ' ^ ; . 

(1) Rubella /Antibodies detected. Report^^ 
the;highest dilution- of serUm to produce 

COMPLETE i^iKibition of hem agglutinate 

..as^hetiter, . ; \ ^^l/ . 

(2) No Rt^belfe Antibodies Detected. 
TOen none Qf /the dilutions, of serum inhibit 
hemagglutir^yoif by rubella virus, report^' 
results to **ieas than 1:10,*^ the lowest dilution 
actually test.^d. ' 1 / 

f. Sources 0^ irron ^ - ^ ' ,^ \ 

(1) All ;]Ria^nts must be stored and used 
at 4^G, unless otherwise specified. The ru- 
bflla HA;antigen and the erythtocytes are 
e&peciajly sensitive to temperature changes. 



I i Suiiiber. 



Dilution^ 




Cbmp late 




Ca n plete 




1 ; sn • 



5t?r yn ' 
(.nn t rn 1 



'L-ont roi 



Figure )4-^: ixqmple, RMtella HAI Results. 
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Titefs may also, vary with different incuba-: 
tidii temperatiii*e|. * ^ : 

X^f The antigea dilation rnust be con- ; 
firi^d at thfe sanie time each batch of H4I - 
tests is performed to assure that 4 HAAinits 
(minimum^2/HA units) of ^H.A antigen is 
uBpd in the test. j ' , ^ 

X&) Do not "use reagents beyond the expi- 
ra^fen date^. ^ * ' ^ ' s . 

(4) Do i^t substitute reagents from yar-^^: 
4ous-manufaetuVerSr — -^^^.^s 

(5) Hemolysis of indicator erythi;peytes 
may be caused by failure to inactivate serum 
or dirty glassware, 

- (6) If the test is to be used to detect a rise 
. Jn titers the first serum specimen must, be 
collected ^before or very shortly after the 
rash appears, because titers reach a peak 
very rapidly. 

g. Discussion. This test may, also be per- 
form^ed in 10 to 12 75 mnl test tu^^es, bijt ^ 
the serial dilutions afe slower to pewCorm and 
,much larger recent quantities (up.to^eight 
times as muchr are required.. The tube 
mathod^should be-performed by substituting 
0;2 ml of each reagent for each 0.025 ml Used . 
in the microtitraiidn method. In addition^ a 
larg^aliquot (0.4 ml) of adsorbed serum (su= 
pernafce) will be required so double all quan- 
titiep ipAhf adsorption steps. Readings and 
contp0Ts^re used 'as; in the microtitration 
rn€ 

14-^3, ^ IntefpretiThm of Raiults^ i ^ 

a. Detecting Imrn^n^y oj; SusJe^tibrrity t© Ru- 
bella, A hemagglutinStTBi - inhibition (HAl) 
titer on a single; serura^^samfrle #f l:l0 (1^8 
according tfe some) b^jgreater -usually indi- 
cates immunity to reip^ctipn, while no titer 
indicates susceptibility. A single rubella in- 



fection usually'cpnfeTs a lifelong significant 
antibody leviel, as well as lifelong immunity. 
In; addition, immunization with attenuated* 
rtibella virus yii ay produce immunity and 
apparently ^significant Wntibpdy titers, but; 
unfo,rtunately, :somp or these Mndividuals, 
that would be' ej^pectfed to be immune, may 

^till contract subclinical cases of ri%bella 
transmit the virus to nonimmune^persoris. If 
the virus is transmitted to a nonimmune 

;.pr6giiari t . f e m a i^^lre^f f ec t s ori Jier_^^ 
ing fetus, as. described in paragraph 14-1, 
can be disastrous. Consequently, the detec= 
tion of n,dnimmuhe (susceptible) women of 
child-bearing age, foUowed^by .th^air im-muhi- 
zation before pregnancy, could significantly 
reduce these^hazards. ^ 

b. Deteeting Congenital Rubella, Antibodies 
that persist at fairly constant levels in the 
infant after about six months of age usually 
indicate congenital rubella. At this. age, anti- 
bbdies acquired from the mother should have; 
falhn to low levels. . \ ^ ^ 

C. DeteEtlng Cllnisal Rgbella. If they Rubella 
virus cannot be isolated and identtfied from 
suspected cases, a fourfold or greater rise in 
hemagglutination inhibitior^ ,(IJAI) titer is 
sigriificant. However, if thiSrapputic abor- 
^tions are at stake, additional tests, subh as 
complejnent fixat-ibn and fluoreacerit anti- 
body, are recommended. In addition, the first 
serum specimen must be collected early in 
the disease, because the HAI titers rise rap- 
idly and reach a peak in a few weeks. As an 
alternative, a serum sample might be Stored 
from all^ nonimmune pregnant. women and 
us#d as a baseline serum in suspected expo- 
sures or cases. 
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ChoptBr 15 

• flSTS FOR IMMUNOGLOIULINS AND COMPLIMENT , 

StCTION A_IMMUNOGLdBULIN| . about 75 percent (by weightf of the total 

. .. , •, , ,. 11 immunoglobulins. 
15-1. Signifieariee ef Immurioglobulins. Follow. (g) The other immunoglobulins^that m, 
mg electrophoresis of serum proteins, only j^j^^ IgA, IgD, and IgE^do not appfear to 
the gamma globulin fraction is found to con. ^^^^^ placental barrier in significant 
tain significant antibody activity. When the quantities. IgM may be produced before 
gamma globulin is injected into .certain am- jf ^^e fetus should contract an intra- 
mals, the animals produce antibodies against uterine infection, but in general, all antibody 
the different antigens making up the gamma (immunoglobulin) production starts after 
globulin. By this method, it has been fqund , birth. Along. with IgG, all of these immuno- 
that gamma globulin is actually made up of globulins normally reach adult levels by the 
five antigenically distinct globulins. These niidteens. By that time, about 21 percent (by 
five globulins are referred to collectively as weight) of immunoglobulins will 'be IgA, 
immunoglobulins, with the individual irmiiu. seven percent-IgM. and less than one per- 
noglobulins designated as IgG, IgM, IgA, cent each of %D and IgE. ' 
IgD, and IgE. For practical purposes these , 

immunoglobulins may be considered to be ' b. CharaetBristks of Immunoglobulins. In addi- 

synonymous with antibbdies; therefore, al- ^f " to their antigenic differences, the five 

teratlons in the serum levels of immunoglob- classes of immunoglobulins also vary, consid- 

ulins can have a bearing on the imfnunity erably in their production and reactivity. For 

and health of an individual. In fact, either an example, on the first stimulation by arvanti. 

abrformallv high or low serum level ofi a pn, most.of the antibodies produced are 

given immunoglobulin may indicate pathol- ^sM, but on a second contact with the anti= 

■ogy. These immunoglobulin levels in the gen.^mainly IgG is produced. Although both 

serum . 'are estimated by using, serologic and IgG may be produced m response to 

methods, hence the inclusion of these meth- the same antigen, the reactivity of these two 

oda in this manual ' classes m serologic tests also vanes slgnifi- 

a. Production of Immunoglobulms. All immuno- ^antly. IgG antibodies have been found to be 

globulins are produced by lymphocytes in especially effecti^re as precipitating antibod- 

rekponse to antigenic' stimuli, such as patho- 'es and complement fixing antibodies but 

genie and saprophytic microorganisms, as , ess efficient than IgM in agglutination and 

well as other foreign substances that might ■ hemolysis reactions. On the other hand, IgA, 

gain entry into the body. In fact, except for IgD, and IgE appear to have few implica- 

the IgG received transplacentally from the tjons in serologic reactions. The reactivity of 

mother, a newborn iirfaht is essentially de- J'^f/'^^ f ^ also^varies m the body. IgG, 

void of immunoglobulins unless it has con- IgM. and IgA are the main classes that are 

tracted an intrauterine infection during active m imniuftity, while IgE appears to be 

pregnancy most significant in aUergic conditions. In 

(1) The IgG level in the newborn is the addition to its presence in serum, IgA is also 

same as that of its mother. Consequently, fo""^ in many body secretions, such as tears, 

the infant has passively acquired immunity urine and bronchial seol-etions, where it 

to essentially the same diseases as its most likely has an additional role m immu- 

mother; the infant is also susceptible to the mty. IgD is the only class of immunoglobuhn 

same diseases. However, the IgG level of the whose function is essentially unknown, 

infant falls to low levels in a few months, but c. Immunoglo'bulin Deficiencie!. The bbdy's ina- 

during this time, the infant's immunologic bility to produce adequate quantitjes of one 

system is maturing and commencing to pro- or all immunoglobulins may be inherited or 

duce Sll classes of immunoglobulins. By the acquired. Some infants may have hereditary 

middle teens, the IgG level is usually back up agammaglobulinemia with production of all 

to the congenitally acquired level present at five classes severely depressed, or dysgam- 

birth. In normal adults, this IgG comprises maglobullnemia with just one or two classes 
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low and the'others normdr. Many of these 
infants become yery susceptible^ to even the 
mo^t eommon infections as soon as the ma- 
ternal IgG Iftvejs ahave fallen, More fre- 
quently* a hypogamm^aglobulinemia is seerit 
where one or all classes of immunoglobulins 
may be moderately, but significantly, de- 
pressed. These individuals are also more sus- 
ceptible to infections than nflrmal. These low 
levels of Mmmunoglobulinslmay be' due to 
delayed matuMtidn Of thjB' imniunologic sys- 
tem of the infant or associated with other 
conditions. Severe malnutrition^ nephrosis, 
and malignant lymphomas, silch as lympho- 
cytic leukemia and Hodgkiri'S disease, are 
just some of the cOnditioni'that e^n result in 
hypogammaglobulinemia and eventually af- 
fect the health of the individual. Identifica- 
tion of these individuals is important so that 
appropriate prophylactic measures can be 
practiced to prevent infection.. A few diseases 
ars characterized by below-normal levels of^ 
single immunoglobulin. 

d. Immunoglobulin ix€#iiaf> Several condi- 
tions may result in the overproduction of one 
or more of the immunoglobulins, For exam- 
ple, viral hepatitis usually shows excessive 
production of all immunoglobulin classes 
while another liver disease, Laennec's cirrho- 
sis, shows only IgA and IgG increased* . In 
contrast, hepatomas result in depressed lev- 
els of IgM. Systemic lupus erythematosfus 
(SLE) is another disease 'associated with a 
general increase in serum'immunoglobiilins, 
but especially; of IgG, In addition, several 
diseases are accompanied by significantly 
high levels of a single immuhoglobulin. Ex- 
amples ^e African sleeping sickness caused 
by TrypajiosoTnii gambieiise' and a high IgM, 
hay fever and* asthma— IgE, and multiple 
myeloma with very high levels of either IgG 
or IgA and rarely, IgM, IgD, or IgE, As can 
be seen from the diseases discussed abovej 
abnormally high immunoglobulin levels may 
be just as significant, as low levels, 

e. Tests for Immuneglebullni. There are sev- 
eral immunologic tests for detecting the 
presence or absence of immunoglobuHnSj but* 
the only practical laboratory method for esti- 
mating the concentration of the individual 
immunoglobulins is immUnodiffysion. More 
specificaily, single radial immunodiffusion is 
used* In this method, mpnospecific antibody 
produced in animals against one of the five 
classes of immunoglobulins is incorporated 
into the layer of agar gel. Then, the patient's 
serum (containing the immunoglobulin) is 
put in a well cut into the agar and the 
system is incubated, usually at room temper- 
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ature, but the temperatiare. dejfendB on 
j^hich test is being performed. The immuno= 
globulin diffuses into the antibody-contain- 
ing agar smd a, ring of precipitate forms at 
the ^one of optimum, proportions of the pa- 
tient^s immunoglobulin (antigeri jherej and 
antibody. The diame^ter of the precipitate 
ring is proportional 'to the-' concentration of 
the particular immunoglobulin in the pa- 
tient's serum/ By simultanequsly testing 
''known standard reference sera, a quantita- 
tive result can be reported for the patient's 
immunoglobulin level. ' ' ^ ' 

(1) Several manufacturers niake^ kits 
which include prepared agar plates, refer- 
ence seira,' and everything needed to perform 
these, tests. Kits are available for .all -five 
classes of immunoglobulini as well as several 
other biologically signifieant proteins that 
may be found tn serum and other body fluids 
in certain disease states. In addition, comple- 
ment, to be discussed in the next section of 
this chapter, .is also assayed by single radial 
immunodiffusion with all equipment availa- 
ble in kit form. 

g (2) Anothei; very sensitive method for 
assaying small quantitites of these proteins 
is through the use of radioimmunoassay 
(RIA), but this method is beyond the capabil- 
ity of the average laboratory. 

15—2^ ImmunoldiffusiQn Tests for immynogiobulinir 

' a. Principle.^ Patient's serum is put in a well 
.cut into mpnospecifrc-antibody-coritainiVig 
agarj.gel in plated (usually conimerciaUy prte- 
pared). Simultaneously^ three or four refer- 
ence sera of known concentl^ations of the 
particular immunoglobulih urider study are 
placed in other appropriately labeled wells. 
The plates are covered tightly p.nd incubated 
according to the. times and temperatures 
specified for the immunoglobulin. As the im- 
munoglobulin diffuses into the antibody-con- 
taining agar, a ring of precipitate forms at 
the point of optimum proportions of antigen 
(immunoglobulin) and antibody. The diame- 
ter of the precipitate ring is proportional to 
the concentration of the specific immune- 
globulin in the patient's serum. By plotting 
the diameter of the precipitate ring of each 
reference serum on the linear scale against 
its known immunoglobulin concentration bn , 
the logarithmic scale of two- or three-cycle 
semilogarithmic graph paper, the concentra- 
tion of immunogldbulin in the patient's 
serum can be determined. NOTE: This refer- 
ence curve MUST be prepared for each batch 
of tests to compensate for variations i,n incu- 
bation temperatures, humidity, agar gel lot 
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j^&iCimtiorii^'^^^ dai ly . /VAi^i that 

^%|^t^ffebt .preiipitat^- diameter^* 



- / "Cifev* ^^'e h t r n d 1 q u ip m f n t ^ ^ 

(1) Patient- s serum, , \ ^ ^: 

(2) .Reference sera, three or four dTifferent 
"concentrations for each desired immunoglpb- 

Ulinv ^ . , ^ 

{3)iilmmunodiffusion plates, variolas sizes 
with precut wells are available commercially. 

. (4) Moist chamber, such as a tightly cov- 
ered j'ar or plastic J)ag containing wet gauze 
or filter paper. 

, . Capillary pipets or microliter sy- 

'ri:n^ea, ' * ' 

(6) Graph paperj two- or three-cycle sem- 
ilpgarithmic. ' * 

: (7) Incubator, ST^C^, needed for certain, 
but not all, immunodiffusion tests, 

(8) Calibrated rnag^nifying d^v 
.measuring ring diameters. Available com- 
rriereiplly o^, as an alterhative, a dissecting 
microscope with an eyepiece rfeticleHOr stage 
micrometer jnay be used. 

c. Frelimineiry Stapsi 
.'I "(1) Collect the patient's serum. Fresh 
serum is preferred, but frozen serum, that 
has not be^n repeateclly frozen and thawed, 
may be used. ' ' ' 

(2) Remove immunodiffusion plates from 
the refrigerator. Plates containing visible 
moisture should be left open at room temper^ 
ature for' a few minutes before proceeding 
with the test. 

'\: d. Procedoirei • -^^ ■ = 

(1) Identify wells for each patient's serum 
arid reference seram. If more than one plate 
is req^ir^d for; the batch of tests, only one 
complete series of reference sera, needs to be 
t^stfed, but add one of the refertnce serp,,tQ; 
each additional plate used in the batch. - v 

(2) With' a capiriary^^et.^OAREFlJLL Y 
till each well with the appropfiate serUm to 
exactly the top of the agar when viewed from 
the side* This js best accpmplished by intro- 
d u c i n g the f i 1 1 e d pi pet t o ^h e b ot t o rh of the 
well and slowly withdrawing the pipet as the 
well fills. Do not oveffill, underfill, introduce^ 
bubblies with the serum, or touch the side- 
walls. of the well with the pipet aa these 
procedures may result in distortions in the 
precipitate rings or invalid results. NOTE: 
.With practicev Jhe capillary pipets may be 
filled to the exact point to accurately and 
rapidly fill the wells. If may be advantageous 
to mark this point, once it is determined, on 
new pipets. Since well sizes' vary between 
kits, be sure to doublecheck filled wells. 

(3) Cover the plates, put . them into the 
moist chamber, andHncubate as' sptecified by 



the kit hianufacturer. NOTE: If rooni tfm- 
peratures fluctuate outside of the range of€0^ 
to 25*C, use a constant, temperature inciiba* 

: lor., ^ . ■ : . . • " ^; ^; 

(4t After incubation, measure and record 
the outside diameters (to the nearest O.l^mni) 
of the^ precipitate rings, NOTE: Slightlv; 6b- 

"^ teng rings niay be measured by averaging 
the diameters of the shortest axis* and long- 
est axis. Grossly irregular' ring^* should be 

^ discarded, and the .test repeated. Faint, rings 
may be enhanced by dipping plates "iji 7.5 
percent acetic acid for a minute .or ty6^and 

, washing:gently with cold water. \ 

* (5) Prepare a reference curve by ptotting 
the ring diameter (or average diameter) of 
- each reference serum on the linear (horizon- 
tal) scale '^against its immunoglobulin*cdnce;n- 
tration on the-logarithmic (vertical), sciale of 
two- or three-cycle semilogarithmic graph 
paper. Fpr ease in reading unknown results, 
use as much of the paper as possible. Be.sure 
\o start labeling the bottom ''line ^ofveach 
logarithmic cycle with 1, 10, 100, or lOOfi mg% 
^s Vappt^opriate, and NOT mith "zero", gee 
figure 15-1 for ian exampHe^f a reference 
curve. DO NOT use this curve. 

(6) QrarW a straight, line to Best fit the 
threff'or four reference points, . 

^ (7) Read' the concentrations of th^, pa- 
tiehtfa sera ftom the reference curve. ^NGTE:- 
If more than on© plate is used and the value 
of the reference: serum (one must bp tested 
with each aMitionjal plate) does n6t fall ori or 
very Mose to the reference curve, draw a line 
thrdtigh the observed value parallel to the 

. original curve to compensate for the yaria- 

. 'tion in. the individual plate. Then, read all 
patient's sera for that plate from the altered 
reference curve. 

v ^ e. Reporting Rtsuits; Restilts may be reported 
in mg/100 ml of serum, or the recently pro- 
-poised 5fUnits of Activity!' or International 
Units. In addition, the normal values for the 
test should be included on £he report, be; 
cause normals vary from kit manufacturer to 
manufacturer. In <fact, ideally normal values 
should be developed by each laboratory, but 
one . manufacturer's products and anpth^r's. 
normal values should not be interchanged—; 
they- re probably significantly different, 
f. Sou reef of Erron ^ ^ "i 

(1) Use fresH serum for most reliable 
results. IgD appears to be especially altered 
by storage. , * 

(2) Plates incubated longer than indi- 
cated by the manufacturer may yield invalid 
results. The /diameters of the precipitate 
rings are propprtional to the concentration 
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Zone Oiometef in Millimeters 



Figure 15-1, ixample, Refefenie Curve for IgO. 

of immunoglobulin at a given point in time, 
and the reactions are not allawed to go to 
completion. 

(3) A complete, reference curve, must be 
prepkred for each, batch of test% to compen- 
stat^ for daily yayiatiohs in test conditions. 
In addition, but sure to test one reference 
serum/ in each ac^ditional plate used in a 
batch to detect individual variations be- 
tween plates. i}- ' , 

(4) For 'moat valid results, the values of 
unknown sera should fall within the range of 
concentrations of th^ reference sera. Several 



manufacturers makev^it>^for the detection of 
low levels of immunagloDulins. Excessively 
,higK^ levels^ of immunoglobulins may be as-^ 
^sayeti by first diluting th« serum with iso- 
tonic saline and then multiplying the ob- 
served results by the appropriate dilution 

^^(5) Be sure to use constant-temperature 
incubators if temperatures fluctuate, 

(6) Wells must be filled as specified* or 
invalid results rriay result. 

f gi Discuiiion. With mihor variations in incu- 
*bation times and temperatures', single radial 
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immUhodiffusion tests are available commer- 
cially for all five immunpglobulins as well as" 
the :following proteins:; albumin, transferrin, 
haptoglobin, ceruloplasmin, alpha-2-macrog- 
lobuUn, complement C'3 (covered in the ne?ct. 
section 6f this chapter) and a few others. In 
addition/some of the tests ha^e beien'made 
more sensitive throughj the"nase of radioiso- 
,topes. ^ , ' 

15-3, IntarprefQtion ©f Results. Normal values 
of serum immunoglobujins vary over a ^ide 
range from individu^^^^^e^*i^dividual~eve^ 
among apparently normal adnalts, More s;g= 
nificantly, the agfe of the indiS^dual raust be 

^considered when iriterp ret riw results 6"f 
these tests:, because all iftimurioglobulins, ex= 
cept IgG, are essentially nonexistent at' 
birth, but reach adult levels by the midteens 
or later. The exception, IgG, is at adult levels 
at birth, but then falls to low" levels in a few 
months only to^begin rising again t^ eventu- 
ally reattain adult levels by the' m'idteert.^/ ^ 
a. Anothe^r important consideration in in- 
teTpretinE the = results of these tests is tli.at 
normal values vary, depending^n which 
manufacturer's test kits were us^d, Ideally 
each laboratory .sh.ould develop i^s-^qwn nor= 
mal values for each age and immunoglobujin. 
H'oweve^, if developing iiOTmal^va.lue is not 
feasible for a given laboratory, the normal 
values of the specific kit manufacturer -must 
be "followed. Do not^jnix normal values be- 
tween rnanufacturers; they rnight S^ary sig- 

-nificantly. f. ' ' \ 

" b. Depending on the immunoglobulin and 
thfe age of the^ patient being tested, either an 
abnormally high or low serum level might 
indicate a pathologic condition. Whether a 
result is norlT^al or abnormal must be decided 
in Light of the normal values used by the 
individual laboratory. Consequently, the con- 
ditions listed below for each inimunoglobulin 
are considered tb be associated with a rela- 

"tive increase or decreas^ th^ individual re- 
sults must be analyzed with'reference to the 
nomials established by the individual labora- . 

, (1) Conditions With Generalized Altera- 
tions of Immunoglobulin^/fc'evels* 

'Increaaed J Deereriaed 

Infectious hepatitis. ^ Nephrosis 

Lupus erythemiitosus , MalQ^i^trition, 

Rheumatoid ^rthritts;"' • AgarTlma^lbbuIinemia, hered^ 

/ ' ^ , ^Uiry 

. ■ * Hypo^ammiiglobulinemia; 

tranrtient or acquired 
" . - Protein^losinK enteropathy 

^ ^ Mali^.ant lymphomaH = 
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■ (2) Conditions With Altered 1^0 Levelsi 



Inereaseti 
IgG=myelomu 
Hype rim munizution 
Mierobial infections 
Luein\ec'H eirrhoHis 



, . Decrt?iiHt?d 
Mongol isiii 



(3) -Conditions With Altered l^M LevelH: 



Ificreaged 
. IgM-niyelo.ma (riire) 
T r y p a n o so I n i iis i s 
C o n ^ e fri t 1 i h f e c.t i Q r i s 
^ (at birrh) 

WaldeAstreni'B macro)^- 
lobulinemia 



ITucreused 
HepatQiiiuB 



(4) Conditions With Altered IgA Levels: 



InereaHed 
IgA=niyelQnia 
LaennecV cifrhoHin 



Decreaseli 
Some normal in.ciividuals 
Ataxia telangiectasia 
GaBtroiMteHtiruU (ilseusc* 



^ ^ (5) Conditions With Altered IgD Levels:- 
\ ■ . ■ - 

Increased , OecreuHed 

IgD-myeloma (rare) Importance unknown 

(6) Conditions With Altered IgE Levels: 



rnereased 
^ fi?E-myelorna (rare) 

Hay fever 
, AUergie asthma 

Eczema ■ 

AHcariH infestation. 



SICTION B— COMPLiMINT 



Deere ase<i ^ 
Importance unknown 



iignifkanee ef Complement, Complement 
(Q^) is a collective term for a group of eleven 
serunv proteins that'react sequentially, in the 
presence of certain antigetT-antibody com- 
plexei. Some of the cpmponints dfC pre 
heat labile; thus heat inactivation of serum 
is a simple means oftdestroying complement 
activity for serologie tests where C might 
interfere with results. In reactions with 
some antigen-antibody complexes^ all eleven 

C components may be involvfed; in others, 
only a few of the eleven are needed. Several 
types of antigen-antibody complexes can de- 
plete one or more of the C components from 
serum. In effect, antigen-antibody reactions^ 
inactivate complement as readily as heat 

Moes. This depletion of complehient by antf- 
g^en-antibodj^ complexes is the basis for' the 
complement fixation test described briefly in 
chapter 2/ In addition to complement fixa- 
tion, the activities of C and its components 
have been studied in relation to several in 
vitro^and in vivo situations. Several diseases 
are khown that show alterations in either 
the activity or serum level of C- or its compo- 
nents. The detection of /these variations is 
primarily by single-radMKirnniunodiffusion, 



a. Lytic Aetivitles of C^mpltmenf. One of the 

most widely'sturfied fupetions of C' is its role 
.in the lysis of certain cells th&t have bfen 
reacted with spec|i'ic^ aritibody, For exampleV 
many gram-negative/bacteria may be agglu- 
= tinated by antibody alone, but cdhiplementj 
along, with antibody, amy cause b&cteri- 
olysis, Antibodies ahd C are also involved in 
the in vitro lysis, of several types of tumor 
cells and erythrocytes. In facts hemolysis of 
antibody-coated erythrocytes has been used 
as an assay method for total C activity; The 
correlation of tha^^ in vitro C' activities, with 
similar irt vivo activities is difficult, espe- 
cialty with regard /to the role of C in immu- 
nity. However, p' does seem to be involved in 
certain acquired/ hemply tic anemias, such as 
paroxysmal CQld hempglobiiiuria. In these 
cases, C activiiy in the serum drops signifi- 
cantly. * 

b. No^lytk Activities of Compleme^, In addi- 
tion to its ^ytic activities, C also takes part 
in severdl other antigen-antibody reactions. 
Some of these reactions would appear to 
"have a significant effect on the.,i.mmunity of 
ap individual. For example, C' has been 
found to /bte active in opsonization, immune 
adherence, and chemotaxis, all of which help 
promote/ the phagocytosis of invading micro- 
organism^ and other foreign particles, In- 
creased/ permeability of blood vessels is an= 
other associated obseTvation that may 

. enhan^fe an individuars ability tb combat dis- 
ease by allowing antibodies and other anti- 
microbial factors to diffuse more readily to 
the invasion site. 

c. pjs#as#s With Alttrtd CQmplement Leveli. 
Total/ C activity has been studied in a wide 

^ varief'ty 'of diseases, but very fe.w of ^hese 
disf^sas' have abnormal C' levels consist- 
ently f hough to be useful diagnostically. Sev- 
er^t fnfectious diseases have been fbund to 
hpye fow total C activities late in the di^isase, 
bui^pere are other more specific and *^^acti- 
dal^ rtieans for diagnosing these infections. 

^ kits are available commercially for 

total C activity, these tests -have hot 

/gi^ined wide acceptance. The problem is that 
low total C level does not identify the 

/abnormal compioneht (or components), and 
^frequently an individual component may be 

f significantly abnormal while total, C activity 
appears*normal. In addition, the test must be 

" performed cim mediately after the serum is 
collected. By contrast, the individual C com- 
ponent levels have been studied in only a few 
diseases, ^and C'3 is the only component for 
which tlie practical laboratory test is com- 
mercially available, C'3 is assayed by single^ 
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..radial immunodiffusion — ^the samg. test used . 
for immunoglobulins in the previous section 
of this chaTpter. Although deficiencies in 
c^her C component's have been related to ^ 
certain diseases, only C' deficiencies' are cov- " 
efed in this manual, ' *. 

(1) Acute Poststreptococcal Glomerulo- 
nephritis. Low^serum levels of C'3 have been 
found t)iis disease. The low levels are nmst 
likely ^ue to the immunologic reaction of 
antibod^^s and C'3 with tissues of the kid- 
neys, especially the glomeruli. Both gammaf 
globulin and C'3 have been found in glomeru= 
lar tissue in this disease. *. 

(2) Systemic Lupus Erythematosus 
JSLE). The Ipw serumtevels of C^3 tn.SLE is 

most likely due to the similar immunologic 
factors as discussed with acute poststrepto- 
coccal glbmeruldnephritis. The'depressioji of 
C/3 levels becoJTies especially evident in SLE 
with renal involvement. C'3 levels may re- 
turn to normal as the renal lesions heal. 
Sequential testing provides a method for fol- 
lowing the severity of renal involvement- in 
both SLE and acute poststrept6cQcca| glo- 
merulonephritis. . ■ . .' ■ 

(3) Bacteremia by Gram-Negative Bacl^. 
A lower than normal level of .C'3 is noted ir 
severe cases <X bacteremia caused by certain 
gram-negative bacilli. The depression of C'3 
is especially correlated with a poor prog- 
nosis, sucyi as a patient in shock or about to 
die. ^ ^ . ' ^ ^ 

(4) Chronic Liver Diseases, Diseases, 
such as chrpnic viral hepatitis and alcoholic 
cirrhosis, may have low C'3 levels, but levels' 
return to normal with resolutipn cff the dis- 
ease. . 

(5) Graft Rejectiona. Low C'3 levels have 
been observed in severe cases of orgah-trans- 
plant rejections. A progressively decreasing 
C'3 suggests a poor prognosis*for retention of 
the graft. ^ 

15—5. Immunodiffusien^Test for Camplement C'3. 
This test 4a the same as the one given for 
immunoglobulins in paragraph 15-2, except 
that the agar gel contains antibody against 
complement C'3. Special emphasis should be 
made to use ^resh serum for this test. Ideal- 
ly, serum should be separated from the clot 
and tested immediately, but frozen serUm 
ftiay be used. All sources of error and other 
facets of the test have been covered in ^ra- 
graph 15-2. ' \ - 

Interpretation of ResulH. Each laboratory 
should develop its own range of normal val- 
ues for C'3, or as an alternative, should be 
sure to 'use the values specifi?d by the kit 
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.^nanufacturer. C'3 test results are more use- disease progfesses. See pajfegraph 15-4c for 
\ Ijul when,the test is performed aerially as the diseases with altered C'3 
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* * Chapter 16- 

MI|cHlANiOUS USiS OF SiROLOOIC TESTS 



16-1. Intreductienr Although the most fre- 
quently performed serologic tests hai^e be^n 
covered in the previous cbaptei's of this man- 
uah serologic tests for several othei' iriftfc- 
.tious and 'nortinfectious Uiseases^^^ condi- 
tions desferve at least brief menti^^Some of 
these, tests are ap^iicable to relatively lim- 
ited parts of the worfd; others are cosm^opoli- 
tan in their potential use. Due to the require- 
ment for sophisticated equiprftent'amd tech^ 
niques, many of these tests are practical only 
for lar-ger labGrt^atories; However.^ome of 
these tests are within the capability of even 
' the smallest clinical laboratory, but the deci- 
sion to provide the test must be made in light 
of the number of requests for the test, tke 
critical nature of a prompt. result, the preva- 
lence af the disease under studyV and associ- 
ated 'factors. This decision is made easier, 
because many 6t the^ tests are available 
commercially arid ha\^ relatively stable ^ re- 
feents, 

^^2^ Teits f^r Baefarmt an^^ Spirochetal Infe^T 
ti©ns. Most bacteriarinfections can be effec- 
tively diagnosed by isolating and identifying - 
the causative oi'^anism, while in spirochetal 
infections, thia is difflcjult or, as in Byphilis, 
impossible. Even in diseases where isolation 
of the organism is possible^ serologic t^t's/ 
can provide a valuable adjunct to diagnolis. 
In additioTi. to the agglutination tests for 
certain' batterial and rickettsial diseases cav- ' 
ered in chapter 5 and the t^sts for syphilis in 
chapter 6, serologic tests may prove useful in 
several othen diseases of this type. ^ 

a. Gonorrhea. A recejitly developed lateg 
test appears to be especially useful for the 
detection^ of chronic cases,, such as asympto'- 
matic' females— the most difficult cases to 
diagnose by cultural methods." 

b. Leptospirosis. Mo^t serologic tests for this' 
disease are based on the microscopic or mac- 
roscopic observation of agglutination of 
either live or formalinized spirochetes. Oth- 
ers that have been .reported are fluorescent 
antibody, complement fixation, and latex 
tests. 

c. Meh'oidosls. Although the causative orga- 
nipm of this disease can usually be readily 
isolated and identified by competent techni- 



cians, complement fixation and bacterial ag- 
iglutination tests have proven useful in 
I chrortic and subclinical cases, 

d. Tvberculosls. Although the immunologic 
cfflly^^based skin tests for tuberculosis are' 
widely used, serologic tests seem to have 
limitiBd application. Some of the tesfs that 
have been tried are: complement fixation, 
immunodiffusion,' indirect hemagglutination, 
' and agglutination tests using coated latex, 
bentonite, or kaolin particles/ 

16-3, Tests for' Parasitic Infectidns. Most para- 
sitifc infections are dettoted by microscopic 
examination of clinical specimens for the 
parasite or some stage in its development, 
such as eggs or larvae. As a rule, these 
infections do not stimulate the production of 
antibodies unless the parasite irivades the 
tissue, ^nother factoK limiting the applica- 
tjon ofr serologic testsX in these diseases is 
that very ' few parasites, stimulate the pro- 
duction of antibodies that, are specific for thfe 
parasite. Consequently or\ly a few parasitic 
diseases have practical serjologic tests. 
. a.^ Am#biaiis/ T^he dia^fifosii oif extraintes- 
tinal Amebiasis, especially amebic liver ab-. 

, scess, is a complica'ted problem. A wide vaHV 
ety of serologic tests have been applied to 
this pfoblem, witli varying degrees of sue'-' 

-cess. Some of these tests are indirectvhemag- 
glutination, capiTlary precipitin, imrriUnodif- 
fusion, fluorescent kntibody, lateic, comple- 
ment fixation, and J.nimunoeIectrophQ/^esis 
tests. In addition, an intradermal skyn test 
h^s been used. 

b. Malaria. Because accurate speciation of 
malarial parasites is imperative, codipetent' 
clinical microscopy may never be rec^aced as" 
a diagnostic method for. this diseaae^ How- 
ever, two types of serologic tests, fluorescent 
antibody and indirect hemagglutination, 
have been, applied to the disease, but cross^ 
reactivity between species (even nonhuman 
species of malarial parasites may be used as 
the, antigen) limits the usefulness of,, these 
tests in clinical cases. 

c. SchUtoiomiasis. Detecting the presence of 
blood flukes by , finding .their characteristic \ 
eggs in feces of^^U'Tine provides the most 
definitive informailon in this disease. How- = 
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eVer, especially in light infections, ^hances of 
finding the eggs are frequently so low that a 
^wide variet^^Nof serologic tests have been 
^developed to aid in* diagnosis. Several differ^- 
. ent antigens have, been used in thSse tests, 
, . with some ' tests using /^hWens; made from 
; miracidia, cercariae, or tm^ adult worms. ■ 
/ Some of the tests that "have been* used aire: 
^complement /fixation, fluorescent antibody 
with cfercaria as the antigen. Indirect hemag- 
glutination, charcoal agglutination,: precipi- , 
^tin, cercarial agglutination, immuno^lec- ' 
tro'adsorption, miracidial immobilization, 
^ and others. Some . of these tests are species 
specific, while most just mdicate. the pres- 
ence of unspecified blood flukes. There are 
also skin tests fp'r this disease. 
^ ^ d. Toxeplasmd^is. This disease^ is usually di- 
* a^nosed serologic^ means. Two types of - 
antibodies ai;e produced— persisting antibod- 
ies and short-lived ones. One^f the tests for 
^ persisting antibodies is ,the classical^^bln- 
Feldman dye test; others are fluorescfent an- . 
tibody and indirect hemagglutination)^^!^. 
Tests Tor shortlived antibodies, such as 4^ 
w riewb'orn^ infants, are eomplement fijcatiofi* 
fluoreBcent antibody for IgM, and immun0;{ 
'diffusion tests. Jn additioya skin test is ; 
available. ■ 



resis (lEOP) to the detection of fiingal unji- 
bodies in the patient's l serum \In addition^, 
akin tests ar^ available for mbbt ^of the sys- ' 
temic mycoses, but these testsjmi^be nega- 
tive in proven caseg, — ' ' ' 

a. BlastemVcosk.^ In addition to the .tests 
described above, complement fixation has 
been used for this disease, but a high per- = 
centage of proven cases have jnegative test|, 
Even in positive tests, cross-reactivity must 
be ruled but. • ; ■ / ^ 

b. C©§£idioidomy€@s1S, Complefnerit fixation 
and precipitin tests are additibnal tests that 
have been applied to this disease. A rising.br 
falling complement fixation titer ^has special 
diagnostic and prpgnostic^signific • 

^ itecQcceiis.^ In additio'n to the usual 



e. XriehiViesii. This intfamusgular parg^s^ic , 
infeGtioo is another disease that is diagnosed^ : 
almost ej^clupively by serologic means. Coh^- 
seiqueritly, a muititiide of serologic testS;|M|ve 
Men develop^d^for this 4iB&se. One of ^e 
\^ore \^ has been the 

agklutination of antigen-coated bentonite 
particles. More recently, a test similar to the 
RPR card tests for syphilis has been dfe- 
scribed. In this card test, the antigen is 
adsorbed on cholesterol-lecithin crystals Jn a 
charcoal suspension. Some of the other test^ ^ 
that have been used, in this disease ai^e: 
complement fixationr precipitin, indirect 
he'rnagglutination, fluorescent antibodyrand 
a variety of agglutination tests using parti, 
cles, such as latex, collodion^ and others. In ^ 
additioni skin tests, which remain positive 
for years* are available. > 
■ . ; • ■ . ' ■ 

16-4. Tests fpr Mycetic InfeEtlonsr In ganerali 
fungi are not highly antigenic, and wheh^ 
they^are, cross-reactivity severely limits the 
usefulness of serologic tests. However, a few h 
serologic tests have been used, in mycoses, 
mainly the systemic mycoses. The most use- " 
ful test has proven to be immunodiffusion,^ 
but other methods apply to certain diseases. 
One of the more; recently. developed tests is 
the application ^f Immunoelectroosmopho- 



testa for ci-yptocbccal antibodies in a patient's 
serum, a latex test, using aritibody-coated 
latex particles, has been develop'ed to detect 
bryptococcal antigens i^^ySe^patidh^^ serum 
or CSF- The tests for antiBodies are based m 
fluorescent antibody, indirect hemagglutina- 
tiortr and whole-yeast-cell agglutination. By 
comparing changes in titers of both antigen \ 
and antibody tests, valuable infomiatibn is 

gained. ; . 

' d. Hlsteplasmosl^.. In addition to immunodif- 
fusion and skin iests^ some of the , tests that 
have b^en used m diagnosing histoplasnios|s^ : 
^^re flUOTC^s^ent antibody^ latex 'agglutina- 
t ion, * arid complement fixation tMts. Care 
must be taken in Interpreting Jhe^ resylta of ^ 
these serotests .performed 'on .patents, that 
have h&d skin testiy becaUseVskia tests may 
stimulate the production of detectable levels 
of antibodies, ^ ' \ " 

1^1 Taits for Virel Infectisns. The definitive 
diagnosis of viral diseases relies almost ex- 
clusively, on imiiiiunblogic- methods g^fr-sqriie 
stage in the diagnosis, ftveri if the causative 
virus is isolated from clinical material, iderti 
tdficatipn of virus is usually accoTftplished b^ 
immunologic means. Complement' fixatioiX^ 
tests are available for the majority of viral 

^dis^eases. In certain viral diseases, tests 
based, on fluorescent antibodies, neutraliza- 
tion or inhibition of viral hemagglutination 
m^y he used^ — or combinations of these m^th- 

"^^s. Unfortunately, except for detecting sus- 
ceptibility toMnfection, such as to rubella 
during pregnancy, and in a few critically 
important diseases, the diagnosis of viral 
diseases usually has drily academic or epide- 
miologic value, because a differential diagno- 
sis rarely can be completed before the pa- 
tient has eitfier expired or is well on his vmy 
to recovery, In addition ttf rubella, which is 



ERIC 



6- 



AFM ^60-4f/ThA l^yna 1975 



16-3 

fi 



^ .covered in cKaptier 14, a couple/of viral dis- 
eases tieierve brief mention. ,i • . . . 

a, Rdbiti. ^Bec^se prompt initiation of im- , 
muniMtion following bites by rabid animals 
is ir^eratii^e/ fluprescfent antibody tech-^ 
'niqyes foFthe detection of the rabies virus in 
the brains of suspectfed rabid animals have 
proven to be a valuarte adjunct to micro- 
scopic demonstration of Negri bodies. Neu- 
tralization and complement fixation testt 
have been used to determine antirabies ti- ^ 
ters of im^unized^indiyiduals and as an in- 
dex of rabies activity in animal populations, 

b. rnfluenzQ. In outbreaks of suspected influr 
erizra, isolating the causative vi^us and per- 
forming serologic tests on the; first few cases 
of the outbreak are. usually recomniended/^ 
These tests help to specifically identify thfe - 
strain of virus causing flie outbreaki as well 
as to simplify the diagnosis of subsequent 
cases, without the requirement of testing all 
patients. For individual casesr^Vesting for 
sera coUected*duHng the acute and con vales t 

^ceni stages- of the ffiseale will prdvide the 
most useful information. The serolqgic tests 
most frequently used for influenzj^re h^sed 
oh^/nh;bition of viral hemagglutination, but ) 
CQmplfi^^nt ^fixation tests, may, also be used.;n 

16--6. . teiti fof\Nbninf^1riour Cohdjtian Sever&L'i 



of the serologic tests in this manual ai'fe for 
noninfectious conditions; such as pregnancy 
in chapter 13, lupus»erythematQsus in chap- 
tfr 12, and others. Two other applications of 
immunoiogic tests will be described briefly. : 

^. Hashimdts's Thyroid itii and Relafed Dtssrderi. 

A high percentage of indiyiduala with Hashi- 
moto's thyroiditfs and primary myxedema, as 
w#ll as lesser percentages of cases with cer- 
. tain .;othfr thyroid disorders, produce anti- 
' bodies agaihst antigens from their pwn thy- 
roid glands. Antibodies may be produced 
against microsomal antigens or thyroglobu- 
Min from the gland; Most of the practical 
serologic tta^ts are directed toward detection 
of thyroglobulin antibodies. Some of these 
tests are immunodiffusion, indirect hemag- 
glutination, latex agglutination, and fluores- 
cent antibody tests. As with any biological 
system, these tests may be. positive in the 
absence prdisease or negative when disease 
is evident^ but high titers are usually algnifi- 
cant, , " 

b. Plbrm^en CancentratiQn. Although more 
definitive tests for ^ this clotting factor are' 
ayaijable; m the chemistry and , heniatplogy* / 
pnTanaals) ' 4; 5atex agglutination^ t^stvSa also . 
\^vkUable for estimating^ fibrinogen tphceiV^^^ 
;-trations. ' ' ' ' .-''^^ ' 
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QtOiSARY 



Adi^ia Pftaai; The early st^ge of an itiftctious 
[ disease in whicH the sy^pt0ms^ including 

< elevation of : tempierature^ are. manifest. 

: " With most infectidUs; diseases thife phase 
- iiiGliLidfs ^the firft days after initial 
^^^'r^ttMrit^ffillnei^ 



^gtutiMationr The collection irito clumps of 
, t^ e^ls or partiples distribu^ 
A0^^jiMm^ An:^bodiea i whleW jqause igglu- 
TTtift&^i^ Q of ^lacteMarpr: othter 

; Cells iiTT^ suspeh^ion. . : r w 

A specific globulin which i$ pr^^ 
.induced in the . body in response to the pres- 
7 ence of an antigen ahdiwhich reacts 
the antigen in spi»e observable way^^^ 
Antigen: Any substance lyhichi \ when intro= 
duced into the blood or tissueSi stimulates 
the formation of antibodiesv 
AnHniiclcar Aneifeodiea; A collective term for 
antibodies against nuclear components of 
cells, ftequently^p^ In systemic lu- 

V pus ei^thf matostis and other collagen dis- 
eases* ...;,.v- ^....^ v^ ■ - 

AMtiBtreMoW^i'^-Q y^^^K Thte : level irt the 
blood >r tjsEU^; of specific antibodies 
against the streptolysin-O hemolytic factor 
Whictv^is produced by certain Btreptococci. 

Beef Erythrocyte Antigen: Substance con- 

V tained in beef erythrocytes which is capa- 
; . ble of absorbing the heterophile antibodies 

produced as a result of infectious mononu- 
cleosis and serum sickness* 
Cardiotipin Antigen: Substance composed of 
extract from, fresh beef fiearts combined 
with lecithin and cholesterot This,antigih 
is used in flocculation teats for syphilis 



^Cdmplemmt Fiwatton: When antigen unites 
V. with its specific antibody^ complement, if 
> presentj is taken into /the combination and 
becomes inactive or fixed, Its-prfsence or 
# absence as firee active complement can be 
^4^^hbwn by- adding, sen 



blood cells ahd hemolytic antltifodieS to the 
mixture, if ftee Complement Is present, 
hemolysis livill occur;, i^ no hemolysis 
wilUbe observed/ ' . \ - ^ 

Con^ro^^ A controlled system used to test the 
1 correctness of observations* In serdlogical 
testings, controls are generally ^et^p to . 
check conditions and/or re^ 
Convalefceni Pftas€);That stage of an Jntec- 
: tious disease which immediately follows 
tlie cessation of clinical symptbms* In most 
infectious diseases this period is generally 
considered to be 10-14 days after the onset 
of illness* 

C'Reacttve Protein: A M^t§in> not normally 
present in human bloStfrwhich appears in 
i wide variety of inflammatory conditions. 
It is characterized by its ability to react^ 
visibly with the C-pblysaccharide somatic 
substance of the pneumococci, 
Differential Heterophile: A test designed to 
differentiate between the thi;ee types of 
heterophile antibodies* 
Febrile Agglutinins: Agglutinating antibod- 
ies produced by the body in response to 
various feverproducing organisms* Exam- 
ples ate antibodies directed against the 
causative agents of typhoid fever, paraty- 
phoid, tularemia, undulant fever, and ty- 
us. 



IS ussa m iioccuiation lssls lul ^^piiin^* u' i_ +• 

CardioUpi^ Microflocculation^^ A flocculation Flocculation: A^ phenomenon m which parti- 

test for syphilis involving the reaction of cles dispersed in a medium combine into 

syphiliticre&gin with the cardiolipinanti^ discrete, usually visible aggre^^ . . 

Jbu Th^ visible reaction appears as the ForBBman AnUbody: One of the heterophile 

agCTegation of antigen particles to form i antibodies which, is naturally present in 

floccules of varying size* ■ / > the blood of man m low titer 
Chorionic Gonadotropin: A hormone pro-/^ G 
duced by the placenta during pregnancy 



^and by "certain tumors* 

Cold Agglutinins: Agglutinins which react 
/ \ optimally at low temperaturesv Specifi- 
cally, certain agglutinins present in some 
cases;of primary atypical pneumonia* 

C6mpleme;nt:, A thermolabile, nonspecific 
protefii substance in normal blood serum 
which, with specific antibodies, causes' 
lysis of cells and other phenomena* 



Guinea Pig Kidney Antigen: A substance 
used in the differential heterophile test. It 
absorbs the Forssman and serum sidkness 
antibodies* The infectious mononucleosis 
antibody is absorbed to a much lesser de- 
gree or not at all. 
Hapten: That portion of an antigenic mole- 
cule or antigen complex that determines 
its immunological specificity* It usually 
does not stimulate antibody formatiori by 
itself* but reacts specifically in vivo and in 
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vitro with the antibody/once jt is formed. 
; Hemagglutination: The' agglutination (sticks 
ing together) of red blood cells, 
HemaggluiinaHon^hihibi preven- 
tion of agglutination of red blood cells by 
specific antibodies* , 
Hemq^ggtutinin: A substance which causes 

the agglutinatjon of red^blood cells* 
H&molysin: An antibody capable of causing 

the lysis or dissolution of blood cells. 
Heterophile Antibodies* A group of antibod-/ 
ies having an affinity for antigens found in. 
7^^k^d^lrange:of brgahiinrs 

antibodies have the conimon property of 
agglutinating sheep erythrocytes. 
Immunity: The acquired or inherited resist- 
, ance bf an individual to infection, 
IrnMunoglobulins: A collective term for the 
; seruxn ^proteins that po^siess antibody ac- 
tivity* . _ . - ; 

Inactivation: The process by which the activ- 
ity of serum complement is nullified. The 
usual means is to heat the serum to 66^C 
for 30 minutes. 

Infectious MononualeoaiB: An acute infec- 
tious disease characterized by a sudden 
onset and acute course^ with fever and 
inflammatory swelling of the lymph nodeSs 
especially those of the cervical region* 
There is a mpderate leukoaytosis due al- 
most entirely to abnormal mononuclear 
cells. 

Influenza: An acute infectious respiratory 
disease of viral origin, characterized by 
sudden onset, fever, and respiratory symp- 
toms. It derives its name from the fact 
that in ancient times it was believed to be 
due to the bad **influence" orthe stars* 

In Vitro: Within a glass; observable in a test 
tube. # 

/n Fiuo/ Within the livipg body. 

LupiiB Erythematosus: One of the collagen 
diseases, ranging from a mild skin erup- 
tion to a rapidly fatal systemic disease, 
frequently accompanied by the production 
of antinuclear antibodies and LE cells, 

Lyophiiimtion: The creation of a stable prep- 
aration of a biological material by rapid 
freezing and dehydration of the frozen 
product under high vacuum, . 

Lysin: An antibody which has the power of 
causijig dissolution or lysis of cells* ^ 

Lysis: The destruction or dissolution of cells 
by the action of a specific lysin. ^ 

Nei4,traiization: An antigen-antibody reac- 
tion in which the. reactive effect of a par- l 
ticular antigen is nullified by a specific 
antibody, 

Postzone Reaction: A w^eak or irregular anti- 



gen-aritibody reaction occurring when a 
great excess of antigen is exposed to a 
serum containing a relatively low titer of 
antibody* 

Precipitation: An antigen-antibody reaction 
in which a soluble antigen is caused to 
settle out by the action of itj specific antl- 

_ body* \j 

PreBumptive HetBrophile: A test to deter- 
mine the presence of increased amounts of 
heterophile antibodies* : 

Prozone Reaction:. A negative or weak anti- 

~^g^nTgntiK 

serum containing ah /extremely high titer 
. of antibody is exposed to a relatively small 
quantity of antigen, / r ! 

. Heafifin; An antibody-like substance pro- 
duced by the body in response to certain 
types of tissue invasion and destruction. It 
is found in varying small amounts nor- 
mally, but is usually increased in syphiris,/ 
malaria, and certain other diseases. 

Reticuloendothelial System: Cells of the body 
that show a conimon phagocytic behavior 
toward foreign particles. This group in- 
cludes ^ehdothelial and reticular cells of 
the spleerir lymph, liver, and bone miarrow* 
These cells are considered to be the pri- 
mary site of antibody production* 

Rheumatic Fever: A disease^ probably infec- 
tious, associated with the presence of he- 
molytic streptococci in the body. Begin- 
ning with an attack of sore throat or phar- 
yngitis, there develop chilliness, rapid 
rise of temperature, prostration, and pain- 
ful inflammation of the joints* 

Rheumatoid ArthritiB: A disease of the joints 
that may lead to immobilization of the 
affected joints and severe deformity* 

Rheumatoid tractors: Antibodies that react 
with gamn\a globulins, frequently pro^ 
duced in rheumatoid arthrijtis and similar 
disease^^ 

Rubella; A viral exanthematous disease, also 
called German or 3-day measles* 

Serial Dilution: Progressively higher dilu- 
tions of a substance arranged in a definite 
sequence or series. 

Serology: The branch of biology which con- 
cerns itself with antigens and antibodies 
and their relationships* . 

Senim Sickyie&s Anh'feody; Specific antibody 
produced in response to a foreign serum, 
especially if an illnesi results from the 
introduction of the foreign serum* 

Speci/icit^/; The special affinity, of antigens 
for their corresponding homologous anti- 
bodies* s 

Str&ptolysin-O: An oxygen-labile, hemolytic 
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factor produx^ed by certain strept^ ; tination of Proteui OX bacteria by the ^ 
. rifer: An expi^^^^^^ of the highest dilution r ^^^^^^^^ to the pres- ^ 

^ of a substiance which cbntaihs"^^ufficient^; an antigen in the bacteria crfmmoh 
; .. antibody to givg a visible reactioniK . - to that foundrirr the causative ricl|ettsial 
Virus: A parasitic microorganism, smaller organisms* . , 

than most bacteria, and capable of multi- W/rfaZ F^a^; A procedure .designed to' detect" - - - 
plication only within a living^ fUsceptible antibodies, if present, against the causa- 
host celL : ' tive organisms of typhoid fever* ' . 

Weil-Felix Reaction: The. diagnostic agglu- ; \ . • , 
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Aci4-citrate-dexttose (ACD^ (4=la) 
Agglutination, ^pai (2-9) -=^^-^1^,1^^^^. 

febrile (5^1) _i_^.„=___.^... 
inert particle (2=9b) 
latex (2-9b) 

red blood cell (2-9b) _^.^^_==_=_.U.. 
.Alie^er's solutipnp.modifieci (4-2m) 
Amebiasis (IS^a) 

ANA tA^(l2^) ;:;tLl_,,^_.»^_.._._^, 
Antibodies (M) 

charactariitics (2-5b> 

classes of (2i-5b) . ^^^w^^^ 
Anti-DNA ai«fi bod ies (12-1 tj .i^..„,.^=. 
Antigen-antibbdy reactions (2-^7) 
Antigenic sharing (2-6) ^1L^^^^^^^^IJ_. 
Antigens (2-4) j^^j^^^^;.^^,^::^^/^^^^.^^^^. 

carrier of (2-4b) 

characteristics (2-4b) J^^^^^^^^^L,^.^^ 
* determinant (hapten) of (2-4b) 

fate in body (2-4c) 

reactivity (2-4b) 
Ahtinuclefir antibodies (12-1) 

ANA test*(12-a) 

latex test (12^2) ;..„rrr^.^^._.™„^. 

lupus erythematosui (12-1) ^^^^^^Jtr^^ 

significance (12=1) ^^^^^^^^^ 
Antinucleolar antibodies (12--lb) 
Antinucleoprotein antibodies (12-lb) ^^^^ 
^ latex test (12-2) 
Antistreptolysin-O (ASO) (D^il) 

ASO titer (&-4): 

interpretation of results (9-5) ^^^^^^^^^ 
latex screening test i9-2) 

significance (9-1) 

test for streptococcal exoenzymes (9-3) 
Automated reagrin tests (6-13) 



Bacterial agglutination tests (5-1) 
interpretation of results (5-4) ^ 1.. 
slide test (5^2) 

. tube test (5-3) 

Biological false positives ((S-3a> 
Blood collactioh 

capllary puncture (3^) ^^^^^^^^^^ 

for cold agglutinins (8-4) 

v^^P^incture (3-2) 
B^celta abortus (S-ld* B-4) 
Brucelloiit (Wdi W) 



Page 

4-^2 
2-9 
2-10 
6-1 
2-10 
2-10 
2-10 
4-2 
16-1 
12-2 

12-1 

2-7 
2-5 

2-3 
2-4 
2-3 
12-1 
12-2 
12-1 
12-X 
12-1 
12-1 
12-1- 
12-1 
9-1 
' 9-3 
9^ 
9-1 
9-1 
9-2 
6-13 



5-1 
5-6 
+ 5-3 

6^2 

3^ 
8=3 
3-1 
5-6 
5-6 



Centrifuges (l-7) 
ca^ulating rpm from rcf (l-7bj ^,=^^^^^^4^^^ 
precautiahs (l-7c) 

use (l^Ta) ^^^.^.,^.U._.._.^_.^^^^I_II^II 
CerebrdTOinal fluid <CdF)^^^^"^^^^^^^ "^ 

charact^ristica (3-lc) ^^_„^_^=^^=^^, 

colloidal gold test(6-lOJ 
^ VDRL teit (6^9) 

Choriocareiriothaj pregnancy tests in (13-la, 13 

-5e) 

Chorionic gonadotropin . , | , ^ 

iwpregnariqy (13-1) 

testi for (13-2 thru 13-4) ■ 
^ Qiromi^acid cleaning solution (i-5f) 
Cleaning glfissware (1-5) 
Coccidioidomycosis (I6^b) ; 
Cold hema^lutinins (8-2e) 

blood collection (S-4) 

interpretation of results (8-'^ -^^^^^^^^i.^. 

screening test (1-3) 

titration test (8^5) 

Colloidal gold test (6-10) 
Complement (C*3) 

diseases with altered levels (l&-r4c) 

immunodiffusion test (15-5) . „^^=^^=^^^=^ 

ihterpretatibn of resul^ (15-6) 

lytic activities (15^a) 
^ nonlytic activities (15-4b) 4^^^^^^^^^^^^^^ 
Complement fixation tests (2-11) 
Complementj native (3-6) = 

eheinical inactivation (3-6b) 

heat inactivation (3-6fl) 
Cpunterelectrophoresis (CEH (H Bb) ^^^.^^^^ 
C-reactive pficotein (CRP) ^ i 
- capilla?^ precipitin test (10^) / 

intieipretation of results ^ ^ . , 

latex tests (10-lb) 

signifieance (10^1) 
Crdss-reactivity (2-6) ^^^^^^^^^^L^^^^^^J^^^^^[ 
Cryptococeosis (16-4c) 



Page 
1-4 
1-5 

1-5 
l-^_ 

3-1 

6-12 

6^11 



Davidsohn differential heterophile test (7-5) 
.Dichroniate cleaning solution (1-50 
Double diffusion tests (2^b) 



Epsteiri?Barr virus (7-1) 

Erythrocyte suspensions; preparation (4-2) ' 



. 13-1, 13-4 

13-1 
2 thru 13^ 
1-3 

. 1-2 
j1B-2 . 

8-3 
8=6 

— .8=2 

8-3 . 
==J 6^12 

f 15=6 
.1. 15-6 
^ 15-6 . 

15- 6 

16- 6 
2-Ig 

' 3-5 
3^ 
. 3-6 
2-^ 

10-1 

10-1 ^ 
10-f 
2-5 
16-2 



7-5* 

1-3 

2^ 



7-.1 
4-1 
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Capillary puncture (3-3) 
site (3-3a) ...^..^.^J.^.=..^...^.„„^=,=^_^_. 
technique (3-3c) 
;Capillary-tub^ precipitation tests (2-Sa) 

for C-reactWe protein (10-2) 
Cardiolipin^^icroflocculation tests (see VDRL 
tests) 



^ Febrile agglutination tests 
3=^ interpretation of results (5=4) 

3=-4 signiflcance (5-1) 

>4 slide tist (5-2) 

W tube test (5-3) 
10-1 , Weil-Felix reaction (5-ld) 
Widal reaction (5-ld) 
Fibrinogen (16-6b). 



5-6 
5-1 
5-3 
5-5 

5^1 
16=^ 



. Fluorescent antibody reftctions (2^12)" 
■ direct technique (2-1 2a) _^_^=^^^.=T=.^====*1 
indirect teehnique (2-12b) _^_=.^.^^=_^_=^-.i^u' 
Fluoreacant antinuclfear antibody CA?MA) ttst 

Fiuoreicent microseopy (1-lOb) 
AKA test,(12^) 
, . .FTA=ABS test (M) 
Fluorescent, treponetnal antibody-absorption 

(FTA^ABS) test (W) . 
Fprisman antibodies 7=5, M) ^!.-..-:.-7-^l, ' 
Francisella tidarefisis (6-1 d, 5—4) ! 
^Freezing serum 
FTA-^ABS'test (6-8) ; 



Glassware 

acid cleaning (l^Sf) 

cleaning (1-^) 
■ types (W2 thru 1^) 
Glasiware, disposable 

preeleaning (l-5e) 
GloTnerulonephritis (9--lb) ^- — ^^u^ 

ASO tpst (9^1) 

complement levels (15-4c) = 
Gohorrhea (16^2a> 



Immunoelectrophoresis (2-1 ic) .^^J=.,= 
Immunonuoreseence reactions (2-12) 
' ANA test (12-3) = . 

- FTA-ABS test (M) 
Inftmunoflobulins (2-5b, 15-1). 

characteristici (15-lb) 

defieiehcies (15-le) 
■ excessei (15-^ld) 

imtnunodiffuaion test (15-2) 

interpretation of results (15-3) w^^^. 

production (i6-la) 

iignifieance (15-1) 
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1^ 
1^2 

^1, 1-2 

1^ 
9^1 
9-1 
15-6 
^6-1 



5-1, 5-7 
IM 

: M 

2-10 

:i3-3 

14-2 
^ 13-3 
2-9 
. 8^2,* W - 



H (Fli^elUr) antigens (54d, 5-4a) 
Hashimbto*s thyroiditis (16-6a) 
Hemting blocks (i-Sd) ^-^^^^ 
Hemagglutination inhibition tests (2-9b) 

for HCG (13-35 

for rii^ella antibodiesXl4-2) 

in pregnancy .(13--3) 
Hemagglutination tests (2-9) 

for cold agglutinins (8-3j 8-6) ^^^^^^^^^^^ 

for heterophile arltibodiea (7-3 thru 7^6>.^7=2 thru^M 

for preghanoy <18-3) v^^^=.^^---^=.^=- = 

for rheumatoid factors (11-5);,^^.^^^ 
: for streptococcal exoeniymes (9-3) i 
Hetarophile antibodies / ■ ' 
/pAvidsphn differjential test (7-5) === 

ihterpretotin of results (7-7) 

miscellaneous tests (7-6) 
■ PauUBunnell presumptive test (7-4) 

significance (7-2) 

slide screening test (7^) 
Histoplasmosis (16-4d) -^v- = 
Human chorionic gonaddtropin (I^G)^3^1) 

in choriocarcinoma (13-5) 

in hydatidiform mole (ISr^S) 

in pregnancies (13-1, 13-5: 

4ests for (13-2 thr^ ^ 
datidiform mole (13^1e, 18-5d) 



13-3 
11-3 

9-2 

7-5^ 
7-7 
7-7 
7=3 
7-1 
7-2 
16-2 
13-1 
13-4" 

........ 13-4 

;13-li 13-4 
..13=2 thru 13=4 
.L_^= 13-2, 13-4 



I 



' Immunity j acquired (2-3) i^..^. 
active (2^a) 
passive (2-4b) 

Immunity, innate (2-2) 
anatomical mechanisnis (8-2a) 
ehemical mechanisms (2*2b) 

Immunodiffusion tests C2-Sb) 
for complement (15-5) 
for jmmunqflobulins (15-2) 



2-2 
2-2 
2^ 
2-^1 
2-^1 ' 
2-2 
2-8 
15-6 
15-2 



Infectious mbnoriuclebMs (7-li 

Davidsohn differeTitial test (7-5) .. 
; interpretation of l^^wlts (7-tj i^.^ 
Paul-Bunnell preiumptive test*7-4) 
slide screening test (7-3) 

Influenza (li-5b) 

Interferon (2-2b) 
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2-8 




"2-14 




2-13 




^12-2 




6-8" 


=^^2-14, 15-1 




15-1 = 




15^1 




^ 15-2 




15-2 


i 


15-5 




15-i 




- 15^1 
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.7^ 




7-7 




7-3 




7-2 




16=3 




2^2 



Latex agglutination tests for . ' 

anti^treptoIysin-0 (9-2) 9-1 

C-reactive protein (10-1) — - " . 10^1 

lupSs erythematosus (12-2) ^ =12-1 

' pregnancy (13-2) J,i_^^.;..-i.^^L... :l3-2, 
rheumatoid factors (11-2 thru 11^) " ^_ll-l thru .11-3 

Leptospirosis (16-2b) .^_..^..^_.^ 16-1 

Lupui erythematosus, systemic (12-1) ^4.^ . 12-r 

ANA test (12-3) . 12-2^ 

interpretation of results (12-4) 12-4 

latex test (12-2) 12-1 

LyophiliEation (3-5a)^^_^^^..=^==_=^=^^^^=^-^- ' 8-5 

Lysozyme (2-2fa) ^..^.^ 2-2 



.Malaria (16-3b) 
Measles, German (see rubella) . 
Melioidosis (l6-2c) J.^^^^.^.^.^ 
Merthiolate (Lilly) (3-Sb) 
"tMieroscopes (1-10) 

fluorescent (1-lOb) ^^1^^^= 

light (1-lOa) 
Microscopy, fluorescent (1-lOb) 

ANA test (12-3) 

FTA^ABS test (6-8^ A. 
Microtitratibn equipment (1-llc) . 

items needed (i4=2b) -^^j^^^^^^^, 

use of (14-2e) 
Mycoplasma pneumoniaeXB^l) 

tests (8-3 thru 8-6) 

types of antibodies (8-2) . 1^.^... 
Mycotic diseases, sero tests X10^^) 
Myxedema^ primary (16-6a)-.' 

Neutralization reactions (2-10) ^= 



, 0 (somatic) antigens (5-i^\ 5-4a) 
Opsonification (2-13a) 
Opsonins (2^12a) ^.^L..»^J^_^^^^= 



.5-1, 



I 



1(S-1 

16-1 
3-5 

1-6 
1-6 
1-6 . 
1-6 r 
' 12-2 
6-8 

: 1-7 

..... 14-3 
-. 14-3 
&-1 

_S-2 thru 8-5 
..L.. 8-1 
16-2 
. 16-3 



2^13 



5-7 

2-14 

2-13 



EKLC 



AFM l;6Ct^/TOI ^|^r Attrichmsnf 4 

' : PastuBreUa tularmaU (5-fld, 6^e) 5-1, M 

• Faul-Bunriell preiump^^^ test (7- ; . 

, v Pipets,*capillary (l^-4a) ^1 " 1^1. 

; Pipata, serological (l-4a) ^...i^.^^^^^^^^^^^^^j^ l~i 

acid cleaning (l-Sn ^^^^^.^.^^^^^^^i^^^^^-j^^:^ . . 

cleaning {I-Bq, i-5d) ' i-=3 

uea (l-4b) ^_J==^^^^^^^i^l'.^^^^^^__;^_^^^^^^^ 1-12 
Pip^et waiher (1-^) u=^^^^^^^^^^^^j^A^ 1„I 

use (l=5a)' ==*=^=-^^_^^^^^^i_^^^^l^^^^^^^^^„ 1=3 

' Plaanaa^ eharacteriitids of (3-lb) 8^1 

Pnuemonia^ primary atypical (S-1) 8-1 
: intarpratation of resulti (B-l) 

typai of antibodies (8-2) 



ir.I^V'M Yhra its' 

. . _ 8-1 ■ 

Foatstreptococcal glomarulbnephritis (S-lb) ^ 9-r ■ 

Postzqna raactions (2-14bX%v=-==========^ 2-1$ 

Pracipitatipn raactidrts (2=8) ^^1-==;..^^^,.^==^^ : 2-8 

for C- reactive protein (10-2) 10-1 
Pregnancy tests (13-2 thru 13-4) ..?^^^/l¥-2 thru 13=4 

hemagglutination inhibition tests (13=3). ^l^^ 13=3 
in ta strata t i on of res u Its ( 1 3-5) ^ , ^ „ ^ ^ ^ ^ 1 3-4 

latex aggTutination inhibitibn tasts (13-2) 13-2 

quantitative tests (13-4) ^ „ i^.^^.^^^^^^^i^^ 13^ 

test sensitivity (13-lc) ; 13=1^ 

Preiaryatives, sar^^m (3-6) ^^JJ^^^lI^l^^^^^^^^^^- 3^5 

freezing (3-Da) iL:^:.w^^,^^^-^^^i^^^„^^,^^^.^^f 3^5 

lyophiligation (3-5a) 3=5 

; MerthiolatQ (Lilly) i[3-5b) 3=6 

refrigaration (3-5a), ^^^^^^^^^^^^^^^^^^^^^^^.^ 3-5 

Presumptiva heterophile test (7-4) 7-3^ 

Properdin (2^2b) ^i. 2-2 

Proteus dX-19, OX-2, and OX-KTo-ldf 5I4V) 11^ ^7 ■ 

Prozone reactions (2-1 4a) ^^^^= = ^„J^^ ^^^^^j =2-15 



^ Qualiung reactions (2-igb) 2-14 



Rabies (16-5a) ^^„^^:,^^^^^^^_^^^^^j|^^^^^^^^„^^:^ 16=3 

Radiardif^8iQn^(2-8b) L^^J^^^^^^^^jl^^^^^^^^^ / 2-8 

Radioimmundassay (RIA) (2-l3d) 2-15 

Rapid plash^4 reagin (RPR) card test (6-4) / . 6-3 ■ 
Raagin (nohlraponamal) tests (6-aa; 6=4 thru 6- 
^ ^' 7) . 

Red blood call suspensions 

collecting blood (4-2a^ =1,=^=^ 

preparation (4=2) ^^4==^.=^^^^^^^^^^^^^^^^^^^^ 
^ waship^ the calls (4-2b) " = 

Refrigeration of serum <3-5a) = 

Rei.ter protein complement fixation (RPCP) test 

(6-U) ..„^_w.j__v^^^_:______:^ 6=12 

Relative centrifugal force (rcf) (l-7a)^^^^^^^_^^ 1-6 

calculating rpm. from (l-7b) /1=5 

Reporting results (4-4) 4^6 

Rheumatic fever (9=la) 9-1 

Rheumiatoid arthritis (ll-l) = = ^11=1 

interpretation of results (11-6) ^^^^^^^^^^^^^^ 11-4 



6^2, 6-3 thru .6-8 

4-1 
4-1 

- 4-2 
3-5 



tests (U-i thru 1U5) 

Rheumatoid factors 
eosin-latex slide screening test (11-3) 
latex macroscopic tube tes^^l=4) ^^.^ 
latex slide screening test (11-2) 
sensitized sheep cell slide tait(11^5) _ 
significance (11-1) 

Rotating machines (1-8) 

RPCF test (6=11) 

RPR.*'18 tnm circle" card test (6-4) 



ll^thru 11^ 

11=2 / 
11-3 

11-1 
11=3 
11^1 

1:^5 

= 6-12 

= e=3 



Rubella ■ ], ..i: . 

antibodies test (14-2) .=i=^=^=.=..c -l.^lI 
congenital C14^1b) 
immunity and suscapti^ility (3|4-Ic) 
;:preven^on (14-1&) 
Rubella antibodies test (14=2) 
adsorptioh of nonspecific inhibitors (14- 
antigen standardization (14-2c) 
confirmation of an|igan dilution (14-2d) 
interpratation of results (14-3) 
microtitratiori method (14-2) ^.^.^ lIH 
reporting results (14-2a) ^.^^^^^^^^^^^^ 
tube method (14-2g) 



Page 

14-a . 
14-1 = 
, 14-1 
14-1 
14-2 

2c) . : 14-3 
14-3 
14-5 • 
14^8 
. 14=2." 
...u^ ^7 . 
; 14-d 



Saline*, preparation 

normal, 0J% (4^ia) 
. PBS, pH 7.2 (4-lb) - 

Sdlmonella ^^pAi (S-ld, 5=4a) ] 
Salmpnelloaes (6-ld, 5-4a) ' 
, Schistosomiasis (16-3c) 

- Scrub typhiis (5=ld,^B-rbX^^.I^^l™r.._I 
Serial dilutioh (4-3) C 

calculating titer from (4-3d) ^ 
; significance (4-3a) 
. types (4-3b) ^^^^^^^^ ll^^^l^lll^l^^^ 

typical dilution (4=3c) 
Serologic tests, reporting-rasults (4-^) „^ 
Seroio^rdefined (1-1) 
' Serum i - 

oharaeteristics (3-la) ^i^l^^^^^^^i j^^^^^ 

chemical presarvatiori (3-5h) 

physical preset'vatibn (3-5a) 

separatiob (3-4) ^^^^ ^J^^^^^^.^^^„^l. 

Serum sickness (7-2r 7-5, 7-7) 
Shipping serum (3-Sai 3=5b) 
Slides, cleaning (1-5) Jj^.^^^^^^^^^ 
Somatic (O) antigens (5-ld, 5-4a) L 
Spinal fluid (CSF) : . 

characteristics (3-lc) 

syphilis tests (6-9) ^^„^J^^^ 

StriBptococdal exoenzymes (9=1) 
test (9-3) 

Streptococcus MG agglutinins (8-^d, 8-6) 
Sypfiilis : 

congenital (6-lb) ^ 

latent (6=2c) 

- nontreponemal (raagin) tests (6-3a) 
primarV(6-2a)^.^....^^^ 
sacondiry (6-2b) 
stages, untreated (6-2) 
tertiary (late) (6-2d) 
treatment (6-lc) 
treponemal tests (6-3b) . 
types of taits (6^) ^^ l^^. 
venereal (6-1, 6=2) ....... 

Syphilis tests 
. FTA-ABS(6-8) . 

qualitative VDRL (6=5) . 

quantitative VCftlj (6^6) . 

RPR' (6=4) ...^U^^-^ ____ 

USR (6=7) 

VDRL on spinal fluid (6^9) 



Temperature cftntrol devices (1-9) 
<idry-heat blocks (l-9d) 
freezers (l-9a) 



4-i 
^ 4-1 

.5-1,6-7 
.5=1, 

16-1^ 
5^1 ■ 
-. 4=3 

... 4-3--- 
4-4 ^ 
4-4 ^ 

; 4-6 
1=1 : 



3^1 

3^5 

= 3-4 
— 7-1, 7-5, 7-7 
3^. 
1=2. 

__...___5-l, 5-7 



3-1 

6-11 

9-1 

9-2 
^8=2, 8-5 . 



6-1 

6-2 
6-2 
6=1 
6-1 
6-1 
6-2 
6-1 
6^3 
6-2 
6^1 



6-4 
6-6 
6-3 
6-6 
6=,11 



-1-6 

1^5; 



EKLC 



l3u 



IB ; .jT . ■ ."^ ■ . .. . -. . _ . ■. 

^Watfer baths ti-9cy =^wiU^^=.^=-= 
,Te^ tutiea (1-2) ...... 

= acid cleaning (I ^5f) 

dlaanlng (l-6b) 
Thyroiditis, Hashinioto*i (i6-4a) . 
Titer 

^ calculating (4H0d) ^^^^^^w^^^^-^ 
defined (M); .__...J^..^.=.... 
Toxoplasmosii (lB-3d)- 

Treponemal tests (6-3b; 6-8). 
I Trepantma tmllidum (Q-^Y) ^ ^^-^j^^- 
immobilisation test (6^12) 

Tiutsugamuihi feyer (D-ldi 5=4b) 

Tuberculosis (l6-2d) 

Tularemia (o-lcL d-4c) ^^....L^^^, 
- Typhus , , 

^ riea-borhe (5-4b) 
louse-borne (5^4b) = 
mite-borne (5-4b) = . 



U 



: Unhealed serum reagin (IJSR) test (6=7) 
Uriiie r .V 

chafaeteristics (3-ld) v ^-^^.i^V^.^^^;.^^., 



chorionic. gonadotropin in (13=2 thru 13^4) 
prfegrfimey tests on (13-2 thru 13-4) 
USB test (t?) _;_^===^r— ™— — 



Am 160M7/TM ^27^1 

. Page 

= Uii" 
: - 1=5,: 

, l^ ■ 

'4^5 . 

= . '6=1 
1 . 6t13 

.5^1, 5-7 

:-■ ia=i 

■ M 
5-7 
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13-.2 
13^ . : 
111=2 
1H=4 



thruf 
thru 



Vacuum biood collection system t3-2e)= i^^. 
VDRL <cardiolipin microflouculation) tests 
qualitativf (6-B) = = ^ 

quantita^ve (6=6) 
' spinal fmid test (6-9) 
Venipjincture (3-2) J.„..^ = 
preparatory steps'(3=2c) 
iite;(3-2a)- -=U.^ri:^w^U;^ 

syringe technique (3-2d) .^......=^1.==^ = .=: 

vacuuin trtrriechniqiie (3=2e) = 
Viral hemagglutinatioi> (2-9b) , 
. inhibition test for rubella antibodies (14=2) 

Washer^ pipet (U6) .v.^...^^.^=.J.^:.^.;^L=== 
WeiUFelix reaction (5-ld,,5=4b) .^^.^..^ 
Widal feactipn (5=ld, B=4a) 



Zonal reactions (2=14) 



3=2 
- C>=6 

3=2 
. 3..1.=. 

3=^2 

3-2 

2^10 
14=2 



„ 5^1 



' 1=4 
. 5^7 



2=15 
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